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<g) Heterocyclic analogs of mevalonolactone and derivatives thereof, processes for their production and their use as 
pharmaceuticals. 

@ Compounds of formula 





wherein 

Ra is a group -X-Z. Rb is Rj. Rc is R3. Rd is R 4 and Y is a group 
-N- or 
I 

Ra is R1, Rb is a group -X-Z. Rc is R 2 , Rd is R 3 and Y is O. S or a 
group -N-; 



Ri. R2. R3. and R 4 independently are Ci-ealkyi not containing 
an asymmetric carbon atom. C3-7cycloalkyt or a ring 



or in the case of R3 and R4 additionally hydrogen, or for Ra 
when Y is O or S 



*L7 



:c = c 



As 



19 



whereby R17 is hydrogen or Chalky! and Rie and R19 are 
independently hydrogen Ci.3alkyl or phenyl; each R6 is 
independently hydrogen. Ci-aalkyf. n-butyl, i-butyl. t-butyl, 
Ci.aalkoxy. n-butoxy, ibutoxy. trrfluoromethyl.* fluoro. chloro. 
bromo, phenyl, phenoxy or benzyloxy: each R 6 is independently 
hydrogen. Ci-aalkyf. Ci-3alkoxy. trifluoromethyl. fluoro. chloro. 
bromo. phenoxy or benzytoxy, and each R7 is independently 
hydrogen. Ci-aalkyl, Ci-2alkoxy, fluoro or chloro. 



Bundesdruckerei Berlin 



vwth the proviso that there may only be one each of 
tnfluoromethyl. phenoxy or benzyfoxy in each ring A present X 
•s (CH 2 )„ or (CH 8 > q CH = CH-(CH 2 ) q . m is 0. 1. 2 or 3 and both 
q s are 0 or one is 0 and the other is 1. 



z ■ - 1 



IS -CH-CH.-C-CH -COOH II 

wherein R g is hydrogen or Ci. 3 alkyl. 
m free acid form, or in the form of an ester or 6-lactone thereof 
or m salt form as appropriate, which compounds are indicated 
tor use as pharmaceuticals in particular as hypolipoproteinemic 
and anti-atherosclerotic agents. 
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Description 

HETEROCYCLIC ANALOGS OF MEVALONOLACTONE AND DERIVATIVES THEREOF. PROCESSES FOR 
THEIR PRODUCTION AND THEIR USE AS PHARMACEUTICALS 

The present invention concerns heterocyclic analogs of mevalonolactone and derivatives thereof, 
5 processes for their preparation, pharmaceutical compositions containing them and their use as 
pharmaceuticals especially as agents for treating hyperlipoproteinemia and atherosclerosis. 
More particularly the invention concerns compounds of formula I 



10 



45 



50 



Rc Rb 



15 wherein 

Ra is a group -X-Z, Rb is R 2 . Rc is R3, Rd is R4 and Y is a group -N- or 

K 

Ra is Ri, Rb is a group -X-Z, Rc is Rz, Rd is R3 and Y is O, S or a group -H-; 
20 i 

4 

R1. R2, R3 and R 4 independently are Ci-ealkyl not containing an asymmetric carbon atom, C3-7cyctoalkyl or a 




or in the case of R3 and R4 additionally hydrogen, or for R 3 when Y is O or S 



35 \f ^9 

whereby R17 is hydrogen or Ci-3alkyl and R18 and R19 are independently hydrogen Ci-salkyl or phenyl; each 
Rs is independently hydrogen, Ci^alkyl, n-butyl, i-butyl, t-butyl, Ci.3alkoxy, n-butoxy, i-butoxy, trifluoro- 
4Q methyl, fluoro, chloro, bromo, phenyl, phenoxy or benzyloxy; each Re is independently hydrogen. Ci-3alkyl t 
Ci-salkoxy, trifluoromethyl, fluoro, chloro, bromo, phenoxy or benzyloxy, and each R7 is independently 
hydrogen, Ci^alkyl, Ci^alkoxy, fluoro or chloro, with the proviso that there may only be one each of 
trifluoromethyl, phenoxy or benzyloxy in each ring A present. X is (CH 2 )m or (CH 2 )qCH = CH-(CH 2 )q, m is 0. 
1, 2 or 3 and both qs are 0 or one is 0 and the other is 1, 



Z is -CH-CH -C-CH -COOH II 

1 . 2 1 2 

OH OH 



wherein R9 is hydrogen or Ci-3alkyl, 
in free acid form, or in the form of an ester or S-lactone thereof or in salt form as appropriate. 

Suitable esters include physiologically acceptable esters e.g. physiologically hydrolysable and -acceptable 
esters. 

55 By the term "physiologically-hydrolysable and -acceptable ester is meant an ester of a compound in 
accordance with the invention in which the carboxyl moiety if present is esterified, and which is hydrolysable 
under physiological conditions to yield an alcohol which is itself physiologically acceptable, e.g. non-toxic at 
desired dosage levels. For the avoidance of doubt, throughout this specification it is the right hand side of the 
X radical that is attached to the Z group. Preferred such acids, esters and salt forms as Z can be represented 

& together with the free acid by formula a 
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-CB-CH 2 -C-CH 2 -COOR 10 
OH OH 

wherein 

Rs is hydrogen or Ci- 3 aJkyl and 

c^on S 0960, 3 PhySi ° ,09iCa ^ -ter forming group (R„, or . pnarm aceutical^ accepta b .e 

When Z is in lactone form it forms a 8-lactone of formula b 10 




m *1 IB R 4 IC ID 



The resulting eight sub-orouDs are n^inn^l T ,sur> 9 rou P a ) or a group of formula b (sub-group "b") 
As is JSJZSt 7o t^^Z^Te^^J^^' ' B f • ! Bb ' ,Ca " ,Cb ' ,Da ' IDb ^pective,;: 
thereof) has at least two centres of alym^SryTg ZZ> caSlTt™ ' J* ^ SUb - gr ° Up and s P ecies 
group of formula a and the carbon aL bearina the h^rn™ ™! T™ 9 the hydroxv 9 rou P s in *• 
valence in the group of formula b)Z these 9 .ead 2 c 2th Z and thacarbon ator " having the free 
(enantiomers) of each compound (two racemates t Lt^?H ^ CentreS) t0 f0ur stere °is°mic forms 
having onlytwo such centres of asymme^^ ,n P referre 0 compounds 

and S.S enantiomers. all four stereoisomers befnn rS ?* V be desi 9nated as the R,R ; R, S ; S.R; 
of substituents further asymmetric ^bon Sstal be o^sSn,° ^JT^ ° n the natUre 

thereof also form part of the invention Sj^^SS^l^r 8 "T" ind miXtUres 
menmentioned stereoisomers) are preferred containing only two centres of asymmetry (four 

JoSfs^RS 

hydrogen or Chalky, not containing i U nlS * 3 Ri " 9 A and the other is 

preferably hydrogen except that R 4 in com^undsTcTprefeS or C,. 2 alkyl and most 

preferences of both precedinq sentences or r„ -^..JL ,H than h y dro 9 ef i- More preferably, the 
each of the sub-scopes thereof aVe Sh^no TSSZ^T^?*- com P ou ^ * and IC and 

or in compounds IB especially one alM oroun !n JSl h h Pyr J°' e nng *» Rings A **> alk V' 3'oups 

«. ,o - A. iWSM«JSr WKBEKSi A " 

In Formula IB' 

»« . M A, is ^a„. and ™, t D , aera61y ^S^l^SSS^^ 



15 



SO 

"tSE? ,0 " laCt ° ne " nereinafter refer to 5-lactones. 

*^«&™SL 0 i£! S^a g ce?tic h H C ° mP0UndS ° f fom,Ula incIude in P-t-lar their 

as the sodium and PotasTunf^^^^ sa,ts includa •* — metal salts such m 

JZ^^SST* ° f f0rmU ' ae ' ' A - |D a " d Subsc °P- hereof are intended to cover all forms 
mSTSS °nanTely natUre " ^ C ° mp ° Unds - '°™< a ' be divided Into four 
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4-fluorophenyl; or 

Ri is preferably RiBy, where Risy is Ci-ealkyl not containing an asymmetric carbon atom, more preferably 
R{ By, where v\ By is Ci-4alkyl not containing an asymmetric carbon atom, and most preferably i-propyl. 
R 2 is preferably R2Bx, where R2Bx is Ci-ealkyl not containing an asymmetric carbon atom, more preferably 
Bx, where R^ Bx is Ci-4alkyl not containing an asymmetric carbon atom, and most preferably i-propyl, or 
R2 is preferably R2By, where R2By is Ring A, more preferably R2 By, where R2 By is Ring A wherein R5 is 
R* 5 , Re is R'e, and R7 is R'7. even more preferably R$ By, where R'£ By is Ring A wherein R5 is R's. R6 is R" 6 
and R7 is hydrogen, and most preferably phenyl, 4-fluorophenyl or 3.5-dimethytphenyl, especially 
4-fluorophenyl. 

R3 is preferably R3BX, where Rsex is hydrogen or Ci-ealkyl not containing an asymmetric carbon atom, more 
preferably R3 bx, where R3 bx is hydrogen or Ci.2alkyl, even more preferably R3 bx, where R3 bx is 
hydrogen or methyl, and most preferably hydrogen; or 

R3 is preferably R3By, where Raey is Ring A, more preferably R3 By. where R3 By is Ring A wherein R is R 5 , 
Re is R*6, and R7 is R'7, even more preferably R3 By. where R3 By is Ring A wherein R 5 is R"s . Re is RV and 
16 R 7 is hydrogen, and most preferably phenyl. 

R4 is preferably Rabx, where R4BX is Ring A, more preferably R4 bx where R4 bx is Ring A wherein R5 is R'e 
, Re is R f 6, and R7 is R 7, even more preferably Rj bx, where R4 bx is Ring A wherein R 5 is R"s. Re is R"e, and 
R7 is hydrogen, and most preferably phenyl; or R 4 is preferably R48y. where R4By is hydrogen or Ci-ealkyl not 
containing an asymmetric carbon atom, more preferably R4 By, where R4 By is hydrogen or Ci-2alkyl, even 
20 more preferably Rj By, where R4 By is hydrogen or methyl, and most preferably hydrogen. 

In Formulae IA, IC and ID: 

R1 is preferably Ricx, where Ricx is Ci-ealkyl not containing an asymmetric carbon atom, more preferably 
R\ ex. where Rj' cx is Ci-4alkyl not containing an asymmetric carbon atom, and most preferably i-propyl, or 
2S ^ R1 is preferably Ricy, where Ricy is Ring A, more preferably Rj cy. where Rj cy is Ring A wherein R5 is 
R5 , R 6 is R$ and R7 is R* 7 , even more preferably Rj c v . where Rj cyis Ring A wherein R5 is R5 , Re is Rg , 
and R7 is hydrogen, and most preferably phenyl, 4-fluorophenyl or 3,5-dimethylphenyi, especially 
4-fluorophenyl. 

R2 is preferably R2CX, where R2Cx is Ring A, more preferably R*2 cx, where R2 Cx is Ring A wherein R5 is 
30 R 5 , R 6 is R'e and R 7 is R7, even more preferably l£ cx, where r£ Cx is Ring A wherein R 5 is R"s, Re isR* , 
and R7 is hydrogen, and most preferably phenyl, 4-fluorophenyl or 3,5-dimethylphenyl, especially 
4-fluorophenyl; or 

R 2 is preferablv R2Cy. where R2Cy is Ci-ealkyl not containing an asymmetric carbon atom, more preferably 
R*2 cy, where R2 cy is Ci.4alkyl not containing an asymmetric carbon atom, and most preferably i-propyl. 
55 R 3 is preferably R3CX, where R3CX is Ring A, more preferably R? ex. where R3 cx is Ring A wherein R5 is 
R*5 , Re is R'6 , and R7 is R>, even more preferably R3 ex. where IFj cx is Ring A wherein R 5 is R"s. Re is R"e. 
and R7 is hydrogen, and most preferably phenyl; or 

R3 is preferably R3Cy, where R3Cy is hydrogen or Ci-ealkyl not containing an asymmetric carbon atom, 
more preferably *3 cy, where R3 cy is hydrogen or Ci-aalkyl, and even more preferably R3 cy. where R3 cy 
40 is hydrogen or methyl, especially hydrogen. 

In the compounds of formulae »A and ID, especially the former, R 3cy , R3c Y ' and Racy" include 
-CH = C(CH 3 )2- 



45 



In formula IC: 

R4 is preferably R4CX, where R4CX is hydrogen or Ci-ealkyl not containing an asymmetric carbon atom, 
more preferably R4 cx, where R4 cx Ci-2alkyi, even more preferably methyl, or 

R4 is preferably R4Cy» where R4Cy is Ring A, more preferably R4 cy, where R4 c y is Ring A wherein R is R' 5 
, Re is R'6, and R7 is RV, even more preferably R4 c y , where R4 c v is Ring A wherein R 5 is R"s , Re is R"e. and 
R7 is hydrogen, and most preferably phenyl. 
50 In addition, in the compounds IA and ID R 2 is preferably Ci-ealkyl not containing an asymmetric carbon 
atom, especially isopropyl or t-butyl, or phenyl or p-substituted phenyl, especially p-fluorophenyl and R1 is 
preferably phenyl or p-substituted phenyl especially p-fluorophenyl. 
Of IA and ID the former are preferred. 
In each of !A, IB, IC and ID the following preferences apply. 
55 Each R5 independently is preferably R 5 ' where R 5 ' is hydrogen, Ci-3alkyl, Ci^alkoxy, trifluoromethyl, fluoro 
or chloro, more preferably R5" where R5" is hydrogen methyl or fluoro. In the case of R1 and R 2 being a Ring A 
each R5 is preferably fluoro, especially 4-fluoro. In the case of R 3 and R 4 being a Ring A R 6 " is preferably 
hydrogen. 

Each Re independently is preferably Re* where Re* is hydrogen. Ci^alkyl, fluoro or chloro more preferably 
Re" where Re* is hydrogen or methyl, most preferably hydrogen. 
Each R7 independently is preferably R7' where R7' is hydrogen or methyl, most preferably hydrogen. 
Preferably, each Ring A, independently bears a maximum of one substituent selected from the group 
consisting of t-butyl, trifluoromethyl, phenyl, phenoxy and benzyloxy. More preferably, when any two or all 
three of the substituents on each Ring A independently are ortho to each other, at least one member of each 
pair that are ortho to each other is a member of the group consisting of hydrogen, methyl, methoxy. fluoro and 
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20 



25 



30 



chloro. Also more preferably, at least one of the prtho positions of each Ring A, independently has a member 
of the group consisting of hydrogen, fluoro and^ithyl * memDer 

3fi!£!lfSnh"I^ Qr R2 iS f "J" 9 A th6Se are inde P en dently preferably phenyl. 4-fluorophenyl or 
wSpn R = h7 P l ferab,y the latter ,W0 and most P referab| y 4-Auorophenyl UO^Opneny, 0r 

When R 3 and/or R 4 ,s a Ring A these are independently preferably nh»n V . V 

P "> 9 ZEST?- R h 9 '- Where " 9 " is "ydrogen or methyl, and most preferably hydrogen and R,n is preferably ' 
R '° I s "V* 00 ^ R n or M. ™>re preferably R 10 '. where R 10 - is hydroLn C^aW or Mwel 

R "i s I^W wh 

1 2 S"*^ a " d m0St preferab, y H »" where R »" ^ C,- 2 alkyl. especially ethyl ' 
Any -CH-CH- -CH-CH-CH 2 - or -CH 2 -CH = CH- as X is preferably trans. II <E) 
X ,s preferably X . vyhere X' is -CH 2 CH 2 - or -CH = CH-. and most preleTably - 

H / 

C = C 

. ./ \H 

(]£.. (E)-CH = CH-). 

Z is preferably a group of formula a wherein R 9 is R 9 ' (especially hydroaen) and R,« R««- rv » n m .« „♦ 
formula b wherein R 9 is R 9 - (especially hydrogen), more preferably' g^oup oTloniula a°irein So 2 
hydrogen, and R 10 is R 10 ' or a group of formula b wherein R 9 is hydrogen, even Im^efer^ i aroul 5 

p r?^^ £!Xcs d . R, ° is M - pre,erably M ' and especi ^ soto 

M is preferably free from centers of asymmetry and is more preferably M' i e sodium Dotassium nr 

Sta Tch^e o?So lEiTt?* * ^ H0W6Ver ' " may alS0 06 d " a,ent or Wvalenund. when it is.TXnces 
M pSf ° f thr !f Carb ° Xy 9roups ' res P e otively. Thus, formula I and every other formula containing an 

^zsz n ^x r ent or triva,ent - ^ c ~ — - - s: 

gene^Sr JESSTST. iST ^ 2 " * ^ — « 

mS2L a t. the ^ mP ° UndS ° f Groups ,Aa - ,Ba ' ,Ca - and IDa and each of the sub-groups thereof are 35 

EZTi^ffSr ' SOmerS ^ Pref6rred ° V6r thS 2=S2 *°">ers. erythro and three <JL£to%5SJZ 
positions of the hydroxy groups ,n the 3- and 5- P ositions of the gTotp^f forrSulTll 

Insofar as the compounds of Groups lAb. IBb. ICb. and IDb and each of the sub-arouos thereof arP 
concerned the trans lactones are generally preferred over the cis lactones "*LSS2?£SK the 

Z e D %^\° 1 R9 3nd the , h . ydr ° 9en 8t0m in the 6 -POSitio7Tof the grouTof fornS b 9 

™«,™«TI u>' u ~ -CH 2 CH = CH-. and Z is a group of formula a. are the 3R 5S isomer and the 

racemate of which .t is a constituent. Le,. the 3R.5S-3S.5R (erythro) racemate 

L^Lm , J u 2 2C 2 ' ° r ' CH = CH " CH 2-- and 2 is a group of formula a, are the 3R 5R isomer and 
the racemate of which it is a constituent, j^. the 3R.5R-3S.5S (erythro ) racemate 

mo ro e thL 6 „ r nCeS f* f °? h in the P recedin 9 two Paragraphs also ippiytothe compounds of formula I havina 
The D ref^H Ce ,1 S ? """■"fZ "* rePreS6nt *• Preferred «*B™*» of the MtaSpatfE? 
-cS CH ST »n^7 ° merS ° f com P° unds of f °rmula I wherein X is a direct bond, -CH = CH or 
«S • CH ; < and . Z 18 3 Qroup of formula b are the ^.SS and 4R.6R isomers and the racemate of which » 
each ,s a constituent. ue_. the 4R.6S-4S.6R (trans lactone) and 4R.6R-4S.6S (cis lactone 6 ra^eZi S 
4R 6S isomer and the racemate of which ft is a constituent being more preferred 

-CH 5 CH Ch! a nH7 fr 6 ' 5 °V, he com P° unds of form "ia I wherein X is -CH 2 , -CH 2 CH 2 -. -CH 2 CH 2 CH 2 - or 
^H - CH-CH 2 . and Z is a group of formula b are the 4R.6R and 4R.6S isomers and the racemate of which each 
s a constrtuent. w, the 4R.6R-4S.6S (trans lactone) and 4R.6S-4S.6R (cis fm^SS^^S^Z 55 

pre" ^ raCemate ° f " W * jt " 3 COnS,i,Uent ^ m ° re prefe - d - d 2 SSn^bSi^S 
Each of the preferences set forth above applies unless otherwise stated, not only to the comoounds of 

o?cTp^ 

(.) of Group IBa wherein R, is R 1B x '. R 2 is R 2Bx . R 3 is R 3B x, R 4 . Rabx. R 9 is R 9 . R n0 is R',o, and X isX\ 
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(ii) of (i) wherein Ri is R'ibx, R2 is R*2bx, R3 is R' 3B x, R4 is R'*Bx, R 9 is hydrogen. R 10 is R"io, and X is 
(E)-CH = CH-, 

(iii) of (ii) wherein R1 is R'ibx. R3 is R" 3B x. R4 is R" 4 Bx.and R1 is R"'i 0 . preferably M. 

(iv) of Group IBa wherein Ri is Ri By , R2 is R28 V , R3 is B 3 By. R4 is R 4By . R9 is R' 9 , R10 is R*io. and X is 

5 X , 

(v) of (iv) wherein R1 is R'lBy, R2 is R 2B y. R3 is R'38y. R4 is R^By, R9 is hydrogen. R10 is R~i 0 . and X is 
(E)-CH = CH-. 

(vi) of (v) wherein R 2 is R*2By. R3 is R" 38v , R4 is R w 4By. and R10 is R^io, preferably M 

(vii) of Group IBa wherein R, is RiBy. R 2 . R28y. R3 is R 3B x, R4 is RdBx, R9 is R' 9 , R10 is R'io. and X is X' 
W is (E)"cH (V Q^ hereln Rl IS R,1By ' Rs ' S R ' 2Bv ' R3 is R ' 3Bx ' R4 js R ' 4Bx ' Re is h y dr °9en, Rio is R"i 0 , and X 

(ix) of (viii) wherein R 2 is R' 2 By, R3 is R" 38 x, R4 is RW and R10 is R"'io, preferably M, 

(x) - (xviii) of (i) - (ix) wherein the hydroxy groups in 3- and 5-positions of the group of formula a have 
the erythro configuration, 

15 (xix) of Group IBb wherein R, is R 1Bx , R 2 is R 2Bx , R3 is R 3B x, R4. R 48 x, R9 is R'g, R10 is R10. and X is 

(xx) of (xix) wherein R1 is R'ibx. R2 is R' 2B x, R 3 is R' 3B x. R4 is R' 4 Bx. R9 is hydrogen, and X is 
(E)-CH = CH-, 

(xxi) of (xx) wherein R1 is R"ibx, R 3 is R" 3 bx, and R 4 is R*4Bx, 

20 (xxii) of Group IBb wherein R1 is RiBy, R2 is R 2B y. R3 is R 3 By. R4 is R 4Bv , R9 is R'g, and X is X* 

(xxiii) of (xxii) wherein R1 is R'lBy, R2 is R' 2 By, R3 is R' 38 y, R4 is R 4By. R 9 is hydrogen, and X is 
(E)-CH = CH-, 

(xxiv) of (xxiii) wherein R 2 is R" 2 By, R3 is R' 3B y, and R 4 is R"4b v , 

(xxv) of Group IBb wherein R1 is RiBy. R 2 is R 2By . R3 is R 3Bx . R 4 . R4Bx, R9 is R'g, R10 is R'10. and X is 

25 X', 

(xxvi) of (xxv) wherein Ri is R'^y, R 2 is R' 2By . R 3 is R' 3 Bx, R 4 is R' 4 Bx, R9 is hydrogen, and X is 
(E)-CH w CH-, 

(xxvii) of xxvi) wherein R 2 is R" 2B y, R3 is R* 3 bx and R 4 is R"4 B x, 

(xxviii) - (xxxvi) of (xix) - (xxvii) wherein R 9 and the hydrogen atom in the 6-positibn of the group of 
30 Formula b are trans to each other, Le. , the trans lactones . 

([xxxvii) of Group ICa wherein R, is R 1C x. R2 is R 2 Cx, R 3 is R 3C x, R4 is R4Cx, R9 is R' 9 R10 is R', 0 . and X 

(xxxviii) of (xxxvii) wherein Ri is R'i Cx , R2 is R' 2C x, R3 is R' 3 Cx, R4 is R 4 cx. R9 is hydrogen. R, 0 is R"i 0 
andXis(E)-CH = CH-, 

35 (xxxix) of (xxxviii) wherein R 2 is R" 2Cx , R3 is R" 3 Cx, R4 is methyl and R 10 is R"'io, preferably M 

(xl) of Group ICa wherein R, is Ricy. R2 is R 2C y, R 3 is R 3Cy , R4 is R 4 c Y , R9 is R 9. Rio is R' 10l and X is 

(xli) of (xl) wherein Ri is R'^y, R 2 is R^cy, R 3 is R' 3C y. R4 is R' 4 c y . Rg is hydrogen, R 10 is R"i 0 , and X 
is (EJ-CH^CH-, 

40 (xlii) of xli) wherein Ri is R'icy, R3 is R w 3Cy . R4 is R*4Cy. and R 0 is R" 0 , preferably M, 

fxliii) - (xlviii) of (xxxvii) - (xlii) wherein the hydroxy groups in the 3- and 5-positions of the group of 
Formula a have the erythro configuration, 

(xlix) of Group ICb wherein Ri is R 1C x. R 2 is R 2Cx , R 3 is R 3 cx. R 4 is R 4C x, Rg is R' 9 , and X is X' 

(I) of (xlix) wherein R t is R', C x, R2 is R' 2C x. R 3 is R' 3 cx. R 4 is R' 4C x, Rg is hydrogen, and X is 

45 (E)-CH = CH-, 

(Ii) of (I) wherein R 2 is R" 2 cx. R3 is R - 3C x. and R 4 is methyl, 

(Iii) of Group ICb wherein Ri is Ri Cy , R 2 is R 2C y. R3 is R 3Cy , R4 is R 4 c v , R9 is R g and X is X* 
dm) of (Hi) wherein R, is R"i C y, R 2 , is R' 2Cy , R3 is R' 3C y. R 4 is R' 4C y. Rg is hydrogen, and X is 
(E)-CH — CH-, 

(liv) of (liii) wherein Ri is R*i C y. R3 is R" 3 c y , and R 4 is R^c v . and 

(Iv) - (Ix) of (xlix) - (liv) wherein R17 and the hydrogen atom in the 6-position of the group of Formula b 
are trans to each other, Le. the trans lactones. 
Groups (x) - (xviii) and (xliii) - (xlviii) embrace the 3R.5S-3S.5R racemate and the 3R 5S and 3S 5R 
enantiomers of the compounds wherein X is -CH = CH-, the 3S.5R enantiomer being least preferred and the 
3R,5R-3S,5S racemate and the 3R,5R and 3S.5S enantiomers of the compounds wherein X is -CH 2 CH 2 - the 
3S.5S enantiomer being least preferred. 

Groups (xxviii) - (xxxvi) and (Iv) - (Ix) embrace the 4R.6S-4S.6R racemate and the 4R.6S and 4S6R 
!o « ,0 I!^Io ° f the com P° unds "to™ x is ~ CH - CH- t the 4S.6R enantiomer being least preferred, and the 
«i Ztf ™' 6S racem ate and the 4R,6R and 4S.6S enantiomers of the compounds wherein X is -CH 2 CH 2 - the 
60 4S.6S enantiomer being least preferred. 

Preferred groups of Formulae IA and ID include those that correspond to groups (xxxvii) - (Ix) and the 
groups corresponing to groups (xxxvii)-(xxxix). (xliii)-(xlv), (xlix)-(li) and (Iv)-(lvii) wherein any R 3cx is R 3cv 



50 



55 



65 



including 2-methyl-prop.1-en.1-yl), any R cx is R' 3 cy (including 2-methyl-prop-1-en-1-yl), and any R- 3cx is 
R 3cy (including 2-methyl-prop-1-en-1-yl) i.e. groups (Ixi)-(xcvi) (for group IA compounds) and (xcvii)-(cxxxii) 
(for group ID compounds). It goes without saying that none of these groups contain an R 4 substitutent 
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S2yf?25 r 3 4 addrt,onal y h y dr °9 en ' eacn is independently hydrogen. Chalky., n-butyl 
bln^L «' 3 w V ' -*, bUt ° Xy ' i * bUt ° Xy ' tri,luorom *hyl. fluoro, chloro. bromo, phenyl, phenoxy o 
h 6 ,S '" d ^ endent| y h y dro 9 en ' Ci- 3 alkyl, C,. 3 alkoxy, trifluoromethyl. fluoro, chloro. phenoxy 
wth thf ?h e f^K R? " ,nde ? endent, y W'ogen, Chalky.. Cl . 2a ikoxy, fluoro or chloro, * 

ss ?rK:«»?r or benzy,oxy in each Rins c 



A, 



H 



I I R 

0 CH- 9 

II 
0 



SS^JSSi^ ^ R, ° iS hydr09en ' 3 acceptable ester group 



JO 



15 



Two groups of compounds of formula I are those wherein Ra is R,. Rb is -X-Z, Rc is R 2 . Rd is R 3 and Y is 0 
Sng B ' 2 3 ,nde P endent| y °i not containing an asymmetric carbon atom, C 3 . 7 cvcloalkvl or a 

R 7 

fH? 16 - Ca f.t ° f " 3 * dditiona "y hydrogen, each R 5 is independently hydrogen. C,. 3 alkyl. n-butyl i-butyl 
f^H 1 **! ^ X 2f' 2 butox y> i-b"toxy, trifluoromethyl. fluoro. chloro. phenyl, phenoxy or ber^oxy ea<^h Rs^s 
R fi'forip ^ ^i™?^^ ^"^'^V'- Ci- 3 alkoxy, trifluoromethyl. fluoro, chloro. phenoxy or ban^oxy and each 
« M SlSy ^T n K C, - 2a)ky1 - fl "<™ or chloro with the proviso that fSS^SSt 

one each of trifluoromethyl, phenoxy, or benzyloxy in each Ring B present, X is (E) CH = CH or -CH 2 Cl° 2 and 

Z is -CH-CH 2 -CH-CH 2 -COOR 1() or 

OH OH / CH 2\/OH 

CH 

I I H 

0 CH- 

\ c / 2 

ft 

0 

Wh Ztl^rnJlT gen ' a pn y si0, °9 ica,| y acceptable ester group or a pharmaceutical* acceptable cation 
r/Z v5f P „ „ r UPS ? COm P° unds of ,ormula 1 *™ those wherein Ra is -X-Z. Rb is R 2 . Rc is R 3 RoTs 30 
R4andY,s-N- andthosewhere.nRaisR 1 ,Rbis-X-Z,RcisR 2 ,RdisR 3 andYis -N- whereby R? R 2 R 3 

K 

and R 4 independently are C,. 6 alkyl not containing an asymmetric carbon atom, C 3 -7cycloalkyl or a Ring C 

R 5 . 35 

-0'* 

R 7 



40 



45 



| 9 50 

-CH-CH -C-CH.-COOR, ^ 
2 | 2 10 

OH 



01 / C V.OH 
-CH C 



or a 
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The compounds of formula I can be prepared by the following reactions where Q stands for 



W 
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wherein Ra, Rb, Rc, Rd and Y are as defined above including provisos 

a) when R9 is hydrogen reducing a compound of formula VIII 
Q-X-CH.CH r C-CH 2 -COOR 12 

OH 0 

wherein R i2 is a radical forming an ester substantially inert to the reaction conditions 
and X is as defined above, 

b) when R 9 is Ci -aalkyl hydrolysing a compound of formula XVI 

Q-X-CH-CH - C - CH,-C00R lo 

(!) 2 6h 2 12 XVI 
c=o 



13 



wherein R 9 is C1.3a.kyl, Ri 3 is part of an ester forming group and X and R12 are as defined above 
25 c) when X is -<CH 2 ) 2 -, -(CH 2 ) 3 -, -CH = CH- or -CH 2 CH = CH- 

deprotecting a compound of formula XXVII 



XXVII 



35 wherein X" represents -(CH 2 ) 2 -, -(CH 2 ) 3 -, -CH - CH- or -CH 2 CH » CH- 

and Pro is a protecting group, 

d) when X is -(CH 2 ) 2 ~, -(CH 2 ) 3 -, or -(CH 2 ) q CH - CH(CH 2 ) q - 
deprotecting a compound of formula XI 



b 

Q-X"'-CH-CH- - t - CH.COOR.. XXII 
t 2 I 2 12 

OPro OPro 

wherein X" is -<CH 2 ) 2 -, -<CH 2 ) 3 - or -(CH 2 ) q -CH = CH-(CH 2 ) q -. and q, R 9 , R, 2 and Pro are as defined 
above, 

e) hydrolysing a compound of formula I in the form of an ester or a lactone, 

f ) esterifying or lactonising a compound of formula I in free acid form, or 

g) esterifying a compound of formula I in lactone form, and when a free carboxvl group is present 
recovering the compound obtained in free acid form or in the form of a salt. In processes a) b) and d) Ri 2 
is preferably Ci. 3 alkyl, n-butyl. i-butyl, t-butyl or benzyl, more preferably Ci. 3 alky1 and especially Ci. 2 alkyl 
and Risis preferably Ci-3alkyl more preferably n-Ci-aalkyl, especially C|-2alkyl. 

Reduction according to a) is preferably carried out using a mild reducing agent such as sodium borohydride 
or, a complex of t-butylamine and borane in an inert organic solvent such as a lower alkanol preferably 
ethanol, conveniently at a temperature of -10° to 30°C, under an inert atmosphere 

Use of an optically pure starting material will lead to only two optical isomers (diastereoisomers) of the 
resulting end product. However, if stereospecificity is desired it is preferred to utilize a stereo-selective 
reduction in order to maximize production of a mixture of the erythro stereoisomers (racemate) of which the 
preferred stereoisomer (as set forth above) is a constituent. Stereoselective reduction is preferably carried 

eXample ln ,he ' irSt S,ePl ,he ketoes,er of f0 """"a VIII is treated with a tri(primary or 
secondary C 2 .«alkyl)borane. preferably triethylborane or tri-n-butylborane, and optionally air to form a 

^2Th r8aC - 0n tempera,ure is suitab| y °° 10 50°C preferably 0° to 25°C. The first step is carried out in 
-nert organic solvent, preferably an ether solvent such as tetrahydrofuran or a mixture of 
tetrahydrofuran with methanol (preferably 3-4:1). In the second step, the complex is reduced with sodium 
borohydnde. preferably in the same solvent as utilized for the first step, at -100° to -10°C preferably -90'" to 
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incSS'H b f, S ^Tovr ^ Vari ° US f ° rmS ° f ^ C ° mP0UndS ° f f ° rmU,a ' ^ be converted - 
JaiH ** m «, ™* compounds obtained according to a), b), c) and d) may be hydrolysed to free acid forms 

oSv SL I fnlT 5 T ^ 6Sterified ° r ' aCt0niSed t0 Pr ° duce a desired ^-product. The invention thus ateo 
ESTi P T or P re Pa""9 a compound of formula I which comprises hydrolysing a compound of 

° r , f0rm ° r eSterifying or lacto nisin 9 a com P° und of fo "™ la ' free acid form o 

rfmn? n 9 H STT" ° 0rmU,a ' laC,0ne ,orm and When a free ™ box * Q roup is present recovering the 
compound obtained in free acid form or in the form of a salt 

m^ 6 ^ 01 ^^ 36 S,ated reaC,i ° nS "* P erformed in a manner conventional for the type of reaction involved. 
Molar alios and reaction times are as a rule conventional and non-critical and are chosen according to 
pnnc pies well established in the art on the basis of reactions and conditions employed 
Solvents, alone or as mixtures, are generally chosen which remain inert and liquid during the reaction in 



SLl lh V n t ad \ 8 \r th 100yb HCL ,n the ,Wrd Ste P' tne P roduct of tha ^cond step is. for example 
freated wrth preferably, anhydrous methanol at 20= to 60°C. The amount of methanol is no critical 

^25it BB TTE* so " 100 moles per mo,e of ketoester of formula is Sd. 

Hydrolysis according to b) or e) is carried out in a manner conventional for such reactions e.g employing an 
inorganic nyaroxide such as NaOH or KOH with, if desired subsequent acidification to qive the * r(aea 

l^ZSZS 65 « f Wat6r and W3ter misciDle so,ven,s such as ,ower altenols e.g. meThanoi o*r 

ethanol and reaction conveniently takes place at temperatures from 0«C to 75«C e.g. 20 to 70* C : If it is desired 

SSSZS C ,°T 0Und ? 3 f? f ° rm correspondi "9 to the cation of the hydroxide employed t Jen 5jS 
tess Jan equivalent amounts of the latter may be employed. In b) R 13 will conveniently be the same as R 2 e g 
Ct-3alkyl more preferably n-Ci- 3 alkyl. especially Ci. 2 . 12 9 ' 

cr^rt^^L? 6 " ° iS ! Py 7°' e / ina beari "9 a "V^cgen atom on the nitrogen atom this will also bear a 
protecting group for example a further-C-R^group. Preferably however in this case a protecting group of 

O 

formula -Si(R 34 ) (R35) (R 36 ) is used instead of -C-R^for both NH in the ring and OH in the side chain 15 

o 

2lS 8 j!2lSr£S " eSDeCia,ly me,hyL R36 " Cl " 6alkyl especial, y meth V or ^ latter 

be ng preferred). Such protection groups may be introduced and removed in conventional manner 

an » °h!w !? ac + cord,ng . 10 f > , ,s carried out in conventional manner e.g. by heating the corresponding acid in 20 
an anhydrous inert organic solvent e.g. a hydrocarbon such as benzene, toluene or a xylene or mSures 
thereof, preferably at temperatures of 75°C to reflux although more preferably not above Sc PreSS 

S e hp,v.M C S"^ ti0 \ aa l ent ' k 9 ,: 8 carbodiimide - Pnrt^rabiy a water-soluble carbodimide such 
N-cyclohexyl-N -[2-(N -nriethylmorpholin.um)ethyl]carbodiimide p-toluenesulphonate, in an anhydrous inert 

6 f I h . al0 f" ated lower alkane - P"*"** methylene chloride is employed. Reaction 25 
temperatures then lie typically between 10° and 35°C. especially 20° to 25°C 

As is evident to those in the art. a racemic threo 3,5-dihydroxy-carboxylic acid yields a racemic cis lactone 
(two stereoisomers) and a racemic erythro 3.5-dihydroxycarboxylic acid yields a racemic trans lactone (two 
stereoisomers) Likewise if a single enantiomer of the 3.5-dihydroxycarboxylic acid islrtWzed a sinale 
Sa^S tartST 6 13 ° btained ' eXamPl6, ,aCt0nisation of a 3R ' 5S Stf™ dihydroxycarboxylic acid 30 

Esterification according to f) is conventional, employing e.g. a large excess of a compound R1 ,OH wherein 
R,i is as defined above at 0-70°C, e.g. 20°C to 40<C in the presence of a catalytic amount of an acid such as 

in an anhydrous inert ether solvent such as tetrahydrofuran. 1 ,2-dimethoxyethane or 1 Li-ethoxveZne and 35 
especially diethylether at e.g. 0° to 30"C. preferably 20° to 30°C etnoxyethane and 

wifhM^ n^T^' es * erificati0 " ,akas o P'ace by first forming the corresponding lactone and reacting this 

Xil ti: « v M r; , Na+ or K+) at 0 to 70 ° c preferab, y 200 to 25 ° c in an ™* solvent e %. an 

ether such as tetrahydrofuran or an alcohol of formula R„OH of a liquid, i.e.process g) 
So°! SS S ' S pre,arab| y, sui,ed for compounds wherein X is -(CH 2 ) m - or (E)-CH = CH and in ester form «> 
Pro°!eL? IS part,c , ular| y su,ted for compounds wherein X is (CH 2 ) m - or (E)-CH = CH in salt form 
Process c) is particularly suited for compounds wherein X is -CH = CH- or CH 2 CH = CH- and the lactone is in 

con?guS Urati ° n th ° Se Wher6in X " - CH2 " CH2 - ° r - CH ^H 2 CH 2 - and the Z^STiSSl 
Process d) is particularly suited for compounds in ester form 45 
In processes c) and d) X" and X"' are unsaturated when R 3 is 

\ / Rio 

/ C = <R * 

R 1? R l 9 so 



55 



60 



65 



9 



0221 025 

question. 

Examples of inert atmosphere are carton dioxide and more usually nitrogen or a nobel gas, nitrogen being 
preferred. Most reactions, including those wherein use of an inert atmosphere is not mentioned, are carried 
out in such for convenience. 
5 EP 1 14027 and 1 1 7228 and WO 86/00307 and 86/03488 including the examples thereof disclose analogous 
processes and further suitable reaction conditions. 

Examples of protecting groups in reaction c) and d) are diphenyl-t-butylsilyl, tri-isopropylsilyl or 
dimethyl-t-butylsilyl, benzyl, tri-phenylmethyl, tetrahydrofuran -2-y I, tetra hydropyran-2-yl. 4-methoxytetra-hy- 
drofuran-4-yl, n-(C 2 -6)alkanoyl. Especially preferred are trisubstituted silyl radicals in particular diphenyl-t-bu- 
10 tylsilyt (-Pro*). . 

Deprotection is carried out in conventional manner e.g. by cleavage under mild conditions such as 
employing e.g. for removal of a diphenyl-t-butylsilyl a fluoride reagent e.g. tetra-n-butyt-ammonium fluoride in 
an anhydrous inert organic medium preferably tetrahydrofuran containing glacial acetic acid at temperatures 
of 20' to 60° C, especially 20° to 25°C. Preferably 2 - 8 (for d) or1 - 4 (for c) motes of fluoride are used with t 2 
'5 to 1.5 moles of glacial acetic acid to each mole of fluoride. 

The required starting materials may be prepared for example as illustrated in the following reaction schemes 
or in the examples hereinafter. 

Further suitable reaction conditions are disclosed e.g. in EP 1 14027, 1 17228 and WO 86/00307 and 86/03488 
including the examples thereof. 

20 

Abreviations: 

AlO - anhydrous inert organic solvent 
ES- ether solvent e.g. diethylether, 1,2-diethoxyethane, 1 ,2-dimethoxyethane, THF or mixtures thereof 
HC - hydrocarbon solvent e.g. benzene, toluene, xylene or mixtures thereof 
25 HLA - haiogenated lower alkane solvent e.g. CCI 4 , CHCI 3 , 1 , 1 -di-chtoroethane. 1 ,2-dichloroethane, methylene 
chloride, 1,1,2-trichlorethane 
THF - tetrahydrofuran 
DMSO - dimethytsulfoxide 
LDA - lithiumdiisopropylamide 
30 nBuLi - n-butyllithium 

DIBAH - diisobutylaluminium hydride 
LAH - lithiumaluminium hydride 
NBS - N-bromosuccinimide 
DDQ - 2,3-dichloro-5,6-dicyano-1,4-benzoquinone 



35 



45 



4> 



C 6 H 5 
- Si - t - C 4 H 9 



40 Lac is C 6 H 5 



?6 H 5 

Pro' is - Si - t - c.H Q 

50 r H 

MTBE = methyl-t -butylether 

TTPRD = tris-triphenytphosphineruthenium (ll)chloride 
55 RT = room temperature 

In the reaction schemes: 

R 3 ' is Ring A ( with the proviso that none of R 5 . Re and R 7 is fluoro. chloro, bromo or trifluoromethyl) preferably 
phenyl or p-toryl or p-methoxyphenyl 
R4* is as R4 except for hydrogen 
60 Rie is n-(Ci-4)alkyl especially ethyl 

each R 20 is independently Ct- 3 alkyl preferably n-Ci- 3 alkyl especially Ci- 2 alkyl 
each R21 is independently Ci. 2 alkyl preferably the same Ci. 2 alkyl 
Et is ethyl 

X1 is -(CH 2 )m- or <E)-CH = CH-, especially (E)-CH = CH-, wherein m is 0 1 2 or 3 
65 X 2 is -CH 2 - or -CH 2 CH 2 -, 
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X3 is a direct bond or -CH 2 - 

wiS^JS^r^- 01 -- Pref6rab,y (E, - CH - CH -- (B)-CH = CH-CH 2 - or (E,-CH 2 - 
Xs is -CH2CH2- or -CH 2 CH 2 CH 2 -. especially -CH 2 CH 2 - 

? ii s c^o" c b H ro : 0 om£o h=ch "- preferawy - CH=CH - and especiaiiy (e, - ch = ch - 

Y- is chloride, bromide or iodide. 
V is chloro or bromo, 
Y- is chloride or bromide. 

M 2 + is sodium or potassium, and each of the other variables is as defined above. 
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temperature, reaction times and the like which are chosen according to principles well established in the art on 
the basis of reactants and conditions employed. 

Intermediates, the production of which is not described above are known or may be prepared by or 
analogously to known methods e.g. as described in EP 114027 and 1 17228 or WO 86/00307 (US Pat. 4,613,610) 
and 86/03488 including the examples thereof. This applies for example to intermediates VIII.XVI.XXII and XXVII. 

Reaction products, both intermediates and final, can be isolated (e.g. from compound mixtures or reaction 
mixtures) and purified in conventional manner whereby intermediates can, where appropriate, be employed 
directly in a subsequent reaction. 

Mixtures of stereoisomers (cis, trans and optical) can be separated by conventional means at whatever 
stage of synthesis is appropriate. Such methods include re-crystallisation, chromatography, formation of 
esters with optically pure acids and alcohols or of amides and salts with subsequent reconversion under 
retention of optical purity. For example diastereoisomeric (-)-a-naphthylphenylmethylsilyl derivatives of a 
lactone type end product of formula I may be separated by conventional means. Such separations are 
described in US Pat. 4,613,610. 

Salts may be prepared in conventional manner from free under, lactones and esters and vice-versa. Whilst 
all salts are covered by the invention pharmaceutical^ acceptable salts especially sodium, potassium and 
ammonium particularly sodium salts are preferred. 

The various forms of the compounds of formula I are by virtue of their interconve liability useful as 
intermediates in addition to the use set out below. 
20 Also within the scope of this invention are the intermediates of formulae VIII, XVI, XIX XX XXII LXXIIa XXIV 
XXVII, XXVIIa, XXIX, XLV-XLVII, L-LII, LVIII. LX, LXIII, LXIV. ' * 

The preferences for each variable are the same as set out for formula I and preferred groups of compounds 
correspond to those listed for formula I as appropriate to and consistent therewith. 
The compounds of formula I possess pharmacological activity in particular as competitive inhibitors of 
25 3-hydroxy-3-methyl-glutaryi coenzyme A (HMG-CoA) reductase and as a consequence are inhibitors of 
cholesterol biosynthesis as demonstrated in the following tests. 

Test A: In Vitro Microsomal Assay of HMG-CoA Reductase Inhibition: As described in EP 114027 and 
USP 4,613,610 

Concentration of test substance 0.0005 to 2,000 u,molar. 
30 Test B: In Vivo Cholesterol Biosynethesis Inhibition: As described in EP 114027 and USP 4,613,610 

Dosage of test substance 0.01 to 200 mg/kg body weight. 
The compounds are thus indicated for use as hypolipoproteinemic and anti-atherosclerotic agents 
An indicated suitable daily dosage for use in the treatment of hyperlipoproteinemia and atherosclerosis is 
from about 0,5 to 2000 mg preferably 0.5 to 200 mg suitably administered in divided dosages two to four times 
daily or in retard form. A typical dosage unit for oral administration may contain 0.01 to 500 mg typically 0.25 to 
500 mg. 

The compounds of formula I may administered in similar manner as known compounds suggested for use in 
such indications e.g. Compactin or Mevinolin. The suitable daily dosage for a particular compound will depend 
on a number of factors such as its relative potency of activity. It has, for example been determined that the 
40 preferred compounds of Examples 2 and 9 and compound 19 obtained an ED 50 of 0.53 mg/kg 0 17 mg/kg and 
0.076 mg/kg respectively in Test B compared with 3.5 mg/kg for Compactin and 0.41 mg/kg for Mevinolin It is 
therefore indicated that these compounds may be administered at similar or significantly lower dosages than 
conventionally proposed for Compactin or Mevinolin. 

They may be administered in free acid form or in the form of a physiologically-acceptable ester e g one 
which is also physiologically hydrolysable or a lactone thereof or in pharmaceutical^ acceptable salt form 
The invention therefore also concerns a method of treating hyperlipoproteinemia or atherosclerosis by 
administration of a compound of formula I in free acid form or in the form of a physiologically-hydrolysable and 
-acceptable ester or a lactone thereof or in pharmaceutical^ acceptable salt form as well as such compounds 
for use as pharmaceuticals e.g. as hypolipoproteinemic and anti-atherosclerotic agents. 

The compounds may be administered alone, or in admixture with a pharmaceutical^ acceptable diluent or 
earner, and. optionally other excipients, and administered orally in such forms as tablets, elixirs, capsules or 
suspensions or parenterally in such forms as injectable solutions or suspensions. 

The preferred pharmaceutical compositions from the standpoint of ease of preparation and administration 
are solid compositions, particularly tablets and hard-filled or liquid-filled capsules. 
55 Such compositions also form part of the invention. 

The following examples, in which all temperatures are in C illustrate the invention. 

Example 1 

60 Ethyl 

<±)-er^-(E)-3,5-dihydroxy-7-[1^^ 
6-enoate (Compound No. 1) 

(Type IBa, X = (E)CH - CH. R 9 - H, Rio = C 2 H 5 . R 2 = i-propyl. R 3 = hydrogen, R 4 - phenyl, R, - p-fluorophe- 



35 



45 



50 



$5 



nyl) 



20 



0221 025 

(Reaction AB) 



triphenvlohiso^ (CC " and ° ™ ™o-e«> - 

Step 2 (Reaction AC) 

(EH-Methyl-1^henylpent-2-en-1-one (Compound CCIV) 10 

J££2S£>% z^vssssssrrs^ e rr is quick,y added - a 

suspension is gently warmed until a c ear soZS, resSts 31 5 m. p?n ^? han0, ^ at ,he 
added dropwise to the solution, and the react w 15K£S « £ ""^w S) °! isobu Wnyde is 

reaction mixture being maintained under Z r nSoaeS 'SSl^A 6 ^.^ oooWto20 '- 25OC --» f » 
reduced pressure, the resulting oily solid HsX^^ d^SlS^ ^f*- 0 " mMure iS ""P™** « 
by filtration. The diethyl ether solution 7s washed ^IlS V I ^ the ' nsolub,e material is remova <l 
solution, dried over anhydrous mSS^^SS^ ***** *T* Wth saturated sodium chloride 
triturated with diethyl ether, anyTnlS^material' fsZJZS SET* * redUCed pressure ' ^ * 
at reduced pressure to ob ain a r^S?E2f?' rttaa ^^ b «^ 
jacketed Vigreux co.umn to obtain^/ ploduc^s ^.i^ 3 """"» 

Step 3 (Reaction AE) 
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^mfoM^ 

144 mmoles) of dBiopropyEe in ™ ml of d^w Jh h , t0 3 Solution of 20 2 ml - H4.58 g, 

reaction mixture is warme? to Sc^Td ^T*^?!?^ ^ ^ * ' 78 ° C - * e 
1,3-dithiolane-2-carboxylateiCom D ound r^f a HwiH; ' 187 mL (23 3S 9 ; 131 mmo, es) of ethyl 
reaction mixture is «^S?S^1tSJ^? SP 0 " ^ at - ?8 ° C - the 

ml. of dry tetrahydrofuran (distilled fromTeM) is aSed Hroi^ ?J 13 - 1 mmo s ' of Compound CIV in 50 
mixture is stirred at -78'C. or 3 lIwHrnSStSn ^S£j?%?°* W,,h St,mng at - 78 ° C - and me reac «°" 
The reaction mixture is quenched 2' W^SI^^^^*^ 
2° 0 -25'C..thetetrahydro^ solution a " d farmed to 

acetate and water. The aqueous phase is aekHtod to ?F'-£%2???*" ' S P artitioned between ethyl 
ethyl acetate. The ethyl acetate K Combined ^ 
dried over anhydrous rrwgnesium suJate Tte Z SatUrated sodium ch,oride soluti °n. 
triturated with diethyl ethe? toTta.f ^ -J*"- ™ a residue is 

Step 4 (Reaction AF) -W 
Et As«^ CCVH, 

dropwise to a s^iZn V; SST& \T±^^^ f ™ *»* 3 in 200 ml. of acetonitrile is added 
acetonitrile and water stirred at 0°C theTeTt£^ in 500 ml " of a 4:1 mi *«™ °* 

sodium carbonate solution is added to obtaE, a 2?U f^t* ° ° f ° r 4 5 hours ' sufficient sa *^ted 
pressure, the residue is parked between 2S tlZ^TV^?* 0 ™™* is eva P ora ted at reduced 
PH 2 with 100/0 aqueous'hydrochtorS ^JSS&SSt T* 0 " 5 P hase is acid «« d * about 

combined, washed twice with saturated sodkim rhS . ^ aCetate - and ,he ethyl acetate la V ers are 

Step 5 (Reaction AG) 

E ^r^ (Compound OCX, 

4-fluoroaniline are stirred at 0-C in35oS of to^ni l ^J P ^ d 16 9 mL (19 8 9" : 178 mm °'as) of 
tetrachloride in 50 ml. of tJLZ£^<ZZ^^«£ 9 " 5 f 4 mm ° ,eS > 0f titanium 

slowly warm to 20 C -25 C C and refluxed for 1R hn 7r! 7h? ♦ 9 ' d tne react,on mixture is allowed to 
throughout. The reaction mfxturels Sid h^ 0 ? miXtUre being mai "tained under dry nitrogen 

the rinse and filtrate are combTned anKJa^ 

The brown solid is recrysSe from absX J? k^- PreSSUre ,0 0btain a brown solid 
obtained from the absoluTe Methanol ar^ 3 t^JS^ST ^ 3 S6C0nd cro P is 

to obtain the product as a white powder etW ° Cr0p Sare comb ' ned and recrystallized from absolute ethanol 

A sma.l sample is dissoK,ed in the minimum amount of methylene chloride and flash chromatographed on 
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250 g. of 230-400 mesh A.S.T.M. silica gel utilizing 25% diethyl ether/hexane as the eluant the eluant is 
evaporated, and the residue is recrystallized from absolute ethanol to obtain an analytical sample, 
rn.p. 107° *1 1 0° C. 

5 Step 6 (Reaction BA) 

1 -(4'-Fluorophenyl)-3-( 1 '-methylethyO-S-phenyl-l H-pyrrole-2-methanol (Compound CCX) 

A solution of 15.0 g. (42.7 mmoles) of Compound CCIX in 100 ml. of dry tetrahydrofuran (distilled from ketyl) 
is added dropwise to a suspension of 4.86 g. (128.1 mmoles) of lithium aluminum hydride in 150 ml of dry 
tetrahydrofuran (distilled from ketyl) stirred at 0°C, and the reaction mixture is allowed to warm to 20"-25 c C 
stirred at 20°-25°C. for 3 hours and cooled to 0'C, the reaction mixture being stirred under dry nitrogen 
throughout. The reaction mixture is quenched at 0°C. with water, the white gum is removed by filtration the 
small aqueous phase is separated and the organic phase is washed twice with saturated sodium chloride 
solution dried over anhydrous magnesium sulfate, filtered and evaporated at reduced pressure to obtain a 
white solid wh.ch is recrystallized from diethyl ether/hexane to obtain the product as a white powder The 

- ,'i qUOr ev ?? 0 . ra,ed at reduced P ress "'e. and the residue is recrystallized from methylene 
chlonde/hexane to obtain a second crop. 

Step 7 (Reaction BB) 

1-(4--Fluorophenyl)-3-(1-methy1ethyl)-5-phenyl-1H-pyrrole-2-carboxaldehyde (Compound CCXII) 
A solution of 7.8 g. (25.2 mmoles) of Compound CCX in 200 ml. of dry acetone (dried over 4A. molecular 

?r V 0 ~ iXtUre ° f 483 mg - (0 5 mmo,e) of ![!5-(triphenylphosphine)ruthenium(ll) 

chloride (Compound CCXI) and 8.62 g. (50.4 mmoles) of N-methytmorpholine-N-oxide monohydrate in 100 ml 
^o d K e, f ne ^ ned ™ er 4A - •**«*'' ^eves) stirred at 20°-25»C, and the reaction mixture is stirred at 
I C l? T 4 hours ' ,he reac,,on mi xt«re being maintained under dry nitrogen throughout The reaction 
mixture is filtered through 23(M00 mesh A.S.T.M. silica gel, the silica gel is rinsed with diethyl ether and the 
nnse and filtrate are combined and evaporated at reduced pressure to obtain a tan solid. The tan solid is 
dissolved in the min.mum amount of methylene chloride and flash chromatographed on 450 g of 230-400 mesh 
A.S.T.M. silica gel utilizing 250/o diethyl ether/hexane as the eluant, and the eluant is evaporated at reduced 
pressure to obtain the product as a flocculant white solid m.p. 135°-139°C. 

Step 8 (Reaction BC) 

^li E) " 3 " 11 '-< 4 "- fluor °P"enyl)-3--(1 -methytethyl)-5-phenyl-1 H-pyrrol-2-yl]prop-2-enoate (Compound 

1 .03 g. of 600/o sodium hydride/mineral oil (25.7 mmoles) is washed twice with hexane and suspended in 100 
ml. of dry tetrahydrofuran (distilled from ketyl), the suspension is stirred at 20°-25«C. approximately 1 ml of 
nethyl phosphonoacetate (Compound CCXIII) is added to initiate the reaction, the reaction mixture is cooled 
?c"oo ."J. ". a PP rox,rna,e, y 3 9 ml - of tnethyl phosphonoacetale is added dropwise with stirring at -20°- 
-15 C. (the total amount of triethyl phosphonoacetate being 4.9 ml. (5.48 g.; 24.45 mmoles)) the reaction 
mixture is stirred at -20°- -15»C. for 1 hour, a solution of 5.0 ?. (16.3 mmoles) of Compound I CCX.! in £5 of 
dry tetrahydrofuran (d.stilled from ketyl) is added dropwise with stirring at -20°- -15°C and the reaction 
mixture ,s allowed to warm to 20°-25°C, refluxed for 3 hours and stirred at 20°-25X. for 16 hours the reaction 
mixture being maintained under dry nitrogen throughout. The reaction mixture is diluted with diethyl ether and 
extracted with water, and the aqueous phase is reexctracted with diethyl ether. The organic phases are 
combined washed twice with saturated sodium chloride solution, dried over anhydrous magnesium sulfate 

evapo ? at f ! dUCed pr6SSUre t0 0b,ain a solid whicn is ^crystallized from diethyl ether to 
obtain the product as a white powder. A second crop is obtained from diethyl ether/hexane 

m.p. n i45° l T47 a 5«>c arr,Ple " * recrystal,iza,ion of a sma " from diethyl ether/hexane. 

Step 9 (Reaction BD) 

'^'I^ISW (Compound CCXV) 

<13^ Tmmo 12^ £2 ™, h y d ™ e/t0,uene <« m ™'<*> is added dropwise to a solution of 5.0 g. 
(13 25 mmoles) of Compound CCXIV in 100 ml. of dry tetrahydrofuran (distilled from ketyl) stirred at -78*C 

fhrn^H reaC TK° n T* ' S Btt "* d * " 78 ° C for 1 hour ,he reaction mixture ba *9 stirred under dn nttrogen 
throughout. The reaction mixture is quenched at -78°C. with water and warmed to 20°-25X sufficient X> 

m£1£2£ 12 adde S to disso,ve ■? 9e '- and ,he mixture is ex,racted with ^sS^TdSR 

ether extracts are combined, washed with saturated sodium bicarbonate solution, washed twice wrth 
T nd6 - SO,U,i0a dri6d ° Ver anhydrous ma 9nesium sulfate, filtered and evaporateJat 
SHtTSfJET rnnlfT I 5 reCrVSta,,i2ed ,rom dieth y' to obtain the product as a whiter 
m.p. 142 -148 C. The mother hquor is evaporated at reduced pressure, the residue is dissolved in the 
mmimum amount of methylene chloride and flash chromatographed on 150 g. of 230-400 mJfiSjM silica 
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Step 10 (Reaction BE) 

sieves, is added d?opwise t Ta m Lure 75? ma 3mm It ° aCet °" e (dr ' ed ° ver 4A " m ° ,ecular 
chloride (Compound CCXII and 23 o MsL Ln. 9 Q , (0 < 3 k mmole) of lrJs-(triphenyiphosphine)ruthenium(ll) 
ml. of dry acetone WeT^ in 100 

20^-25 C. for 3 hours, an additional 1 15 a m M mm«i i f m ' eaC, '° n mixture is stirred at 

added, the reaction mixture s st* ^ is 
tns(tri P heny lp hosphine,-ruthenium( « JISLT ^f^*' 189 ^ (02 mmole > of 
hours, the reaction mixture beino stirrPrt .nn!,^ h f nt,tnereac,l0nm,xtur e'S stirred at 20»-25°C. for 16 
throughapadofCe.itean^ The reaction is filtered 

in the minimum amount of methylene chloride and ZTT °, ^ 9feen ° ily solid wnicn is dissolved 
silica gel utilizing 250* ^S/^e^l^^Tf °" 250 9 " ° f 23(W00 mesh ASTM - 
obtain the product as a yellow 2^84? *"* * evaporated at red uced Pressure to 

Step 11 
Ethyl 

mmoles)ofethvE^ 

7.6 ml. of 1.65M. n-butyllithium/hexane 

reaction mixture is sarKTcKSS 1 Tr* ^V 1 ™ With Stirrin 9 at - 20 '- -^C the 
in 50 ml. of dry tetrahydrofuran (disced f om kaTsL^T" * l (M mm0,eS) 0f Compound CCXVl 
mixture is stirred at -15X to 2 5^^^^^iT^^ mB * - 15 ° C " and tne reaction 
reaction mixture is quenched ^?C^^!S^IT^ ^ U " der dry ar9 ° n throughout. The 
the tetrahydrofuran is evaporate at reduced ^^T^ 0 ™?"* M ° n and warmed to 20 °- 25 ° c - 
water, the aqueous phase ° extracted hShflSS '! partitioned be,we en diethyl ether and 

twice with saturate? so^m cS 

reduced pressure to a 1^ JSSlSS is SmJSST™ ^ eVaporated at 

flash chromatographed on 250 g of 230^0 mesh TIM J£ « T"!T am ° Unt ° f methy ' ene Ch,0ride and 

Step 12 (Reaction a)) 
Ethyl 

complete the reaction. iSSSfiTSSSSta J* ^h"^'^ t0 ^ warm to ^ to 
mixture is quenched at -20°C with 1 MA i^SE w » n ' trogen thro "ghout. The reaction 

partitioned between diethyl ^7r SlSr r^Z ? PH 2)> a "° wed t0 warm to 20 °- 25<>c - a " d 

is recrystallized from SS7£S£K2T," T^**"" m ° re t0 ° btain a wnite solid *** 
m.p. 144.5-146-5 -C me,ny ' ene ch 'onde/hexane to obta.n the product as a flocculant white solid, 

mS^^^jss^Sl^ race r es ; herein the ratio of ,he «> *• 

raceme, may be resold K^Sr^ffiSira 
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the former is preferred. The minor product, the three racemate, may be resofved to obtain the 3R 5R and 3S 5S 
enant.omers. The use of a non-stereoselective reduction would afford a mixture of all four stereoisomers 
wherein the ratio of the erythro stereoisomers to the threo stereoisomers ranges from 3:2 tc , 2:3 

Example 2 
Sodium 

( ± )-erythro-(E)-3.5-dihydroxy-7-[1 •-(4--fluorophenyl)-3-( 1 "-methytethyiJ-S'-phenyM H-pyrrol-2-yllheot- 
6-enoate (Reaction e)) (Compound No. 2) V Y J P 

(Substitutents as Compound No. 1 except R )0 = Na) 

0J ml. of 0.5N. sodium hydroxide solution (0.05 mmole) is quickly added dropwise to a susDension of ?s ™ 

Zi tZEi J X V ,S added o and ,h ° P" 8 yellow P rec *P*^ted product is collected, stirred in diethyl ether 
and collected by filtration m.p. 203-206*^ (dec.) (yellows at 145°C) 

NMR (CO3OD + CDCI3). 1.21 (m,6H). 1.60 (m.2H). 2.29 (m.2H), 3.12 (m, 1H).3.95(m. 1H).4.20(m 1H) 540 

The product is a m.xture of the erythro and threo racemates wherein the ratio of the former to the latter 
exceeds 9:1, which mixture may be separatedl^conventiona. means. The principal produc mferShro 
racemate, may be resolved into two optically pure enantiomers, the 3R.5S and 3S 5R enantiomers ofS 
the former ,s preferred. The minor product, the threo racemate, may be resofved to Obtain me M 5R an j 

SSZlSi ? °1 S T erial 8yntheSiMd by USin ° a ^-stereoselective reduction in £,« * 

Example 1 would afford a m.xture of all four stereoisomers wherein the ratio of the erythro stereoisomers to 
the threo stereoisomers ranges from 3:2 to 2:3. stereoisomers to 

Example 3 
Xpo^ 

R^ropyO X = (E) R9 " K R, ° =C2H6, R2s =P- ,,uoro P^. .R3-hydrogen. R, = phenyl. 

Step 1 (Reaction AD) 

(E)-3-(4 , -Fluorophenyl)-1-phenylprop-2-en-1-one (Compound CCXXIII) 

52.0 g (433 mmoles) of acetophenone is added to a solution of 21.8 g. (545 mmoles) of sodium hvdroxida in 
a mixture of 196 ml. of water and 122.5 ml. of 95<>/o ethanol stirred at 20" ovr • £1™<^1 V 
cooled to 0 : -5-C, and 53.74 g. (433 mmo.es, of 4-Sufn^ 

of the react.cn mixture rising to 20«C. during the addition. The solidified reaction ,nSZZZ^ta£ 5 ?? 
hi rin«c S ^T 8 ^ f ° r 16 h ° UrS - ^ is col,ec,ed b V«ion, rinsed with atout 2 1 o w^tefunTii 

KsrasTe^rs^ 

Etn^Z+fJ t i en fl PrOCe ! dS ar, t ,090usly t0 S,e P s 3 to 11 of Example 1 via the following intermediates- 
( Ethyl (±)-2-(1 -(4 -fluoropheny.,-3--oxo-3--pheny.propyl)-l.3-dithio.ane-2-carboxy.ate. viscous clear Town 

Ethyl ( ± )-2.5-dioxo-3-(4'-fluorophenyl)-5-phenylpentanoate 

f^'il^ 0 ^ m-P- 97-100° 

3- 4 -Ruoropheny -1-(r-methylethyl)-5-phenyl-1H-pyrrole-2-methanol. white powder 

rLwmc, 0 ^ ^ <1 -T^^^-^ny-IH-pyrrole^-carboxaldehyde. m.p. 1 18-122 
STC ?S1~ (4 ^ m p 84-87' 

p tS.1M UOrop ^ eny,) - 1 "< 1 "rothytethyD-S'-phenyl-IH-pyrroW -yl]prop-2-en-l-ol 

Ethyt 1 

IZate.vfs^ 
ftXouS'^ 

„ I 3 ! 1 16 t '!L a l 1 ° M - ,ri -0-butylborane/tetrahydrofuran (1.18 mmoles) is quickly added droowise to a 
?H ^ J^A rngjo.59 mmoie, of ethyl ( ± )-(E)-7- ( 3^,4'-fluorophen^y.)-^(r-met^e ftj5J3£i 
a ^TS? a^u^ X °! ,eP I' 6H,n0ate " 5 m ' ° f dry te ^~fu!an distil.ec IfroJ 
si «»r for'i k bu 5 bled '"to the reaction mixture for 1 minute, the reaction mixture is stirred at 

Srnno at T 8 C I T ,0 1 78 " 0 - 56 m 9 (1475 mmote *> °* borohydridel adS 

stimng at -76 C, the reaction mixture is stirred at -50*C. for 16 hours an addition^ «* mn mT-Jc 
mmoles) of sodium borohydride is added with stirrino at -50 r and thl ? .? ' 475 
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f s V ^i°:°^ eS a f: P r ° dUCt ° f ^ (3) iS diSS0 ' Ved in metha "°' «•*» latino and «- 

Sl a = KSKtsBsaaffiftsffaa 

abollf STSilh 8 ^ 6 0< '"t 5 ^ 2 2=2 ^cemates wherein the ratio of the former to the latter is 
«e ei^inro stereoisomers to the threo stereoisomers ranges from 3:2 to 2:3. 

Example 4 
Ethyl 

(Substituents as Compound No. 3) 
Example 5 

Sodium 40 
(Substituents as Compound No. 3 except Rio-Na) 

«2l£?r ?■ VT ° f the 2^ and threo racemates wherein the ratio of the former to the latter 
Example 6 
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( ± )-erythro-(E)-7-[2-tert.-butyl-4-(4-fluorophenyl)-5-phenyl-fur-3-yl]-3,5-tlihydroxy-hept-6-enoic acid ethvl 
ester (Compound No. 6) 1 

(Type IDa. Ri=t-butyt, X=(E) CH = CH. R 9 = H. R,o = C 2 H s . R 2 . p-fluorophenyl, R 3 = phenyl) 

Step 1 , 2-tert.-butyl-4-(4-fluorophenyl)-5-phenyl-fur-3-yl-methanol 

Under a dry nitrogen atmosphere, to a slurry of 1 .15 g (30.4 mmol) of lithium aluminium hydride in 50 ml of dry 
ether at about 0° was added 5.56 g (15.2 mmol) of 4-(4-fluorophenyl)-2-tert.-butyl-5-phenyl-3-furyl-carboxvlic 
acid, ethyl ester in 25 ml of dry ether. The mixture was heated at reflux for one-half hour 

The solution was cooled to 0° C, and quenched with water until a white precipitate persists. The precipitate is 
filtered off, and washed with ether on the filter plate. The combined washings and the filtrate are dried (over 
magnesium sulfate) and concentrated to a white solid, which is used directly for the next step. 

Step 2, 2-tert.-buty1-4-(4-fluorophenyl)-5-phenyl-3-furylcarboxaldehyde 

u »J?!!. r 3 d 7 ni,r °9 en a^osphere, to a slurry of 583 mg (0.608 mmol) of TTPRD and 3.56 g (30 4 mmol) of 
NMO (N-methylmorpholine N-oxide) in 50 ml of acetone was added 4.92 (15.2 mmol) of the alcohol product of 
Step 1, above, in 10 ml of acetone at room temperature), and the mixture was stirred (at RT) for 2 hours 
The mixture was then concentrated and the resulting black residue taken up in ether. The ether solution was 
then washed three times with 100/9 hydrochloric acid, once with saturated aq. sodium bicarbonate then with 
bnne and dned (over anh. magnesium sulfate and concentrated to a black oil. Upon standing for about 18 
hours in the freezer the oil had formed a solid. The solid was recrystallized from ethanol to give a first cro D of a 
grey powder, and the mother liquor further processed. ^ 
Additional product was obtained from the mother liquor by chromatography (silica gel. 25% ether/hexane). 

Step 3. 3-[2-tert.-butyl-4-(4-fluorophenyl)-5-phenylfur-3-yl]-2-propenal ( trans ) 

Under an atmosphere of dry nitrogen, 1.56 g (9.3 mmol. 1.10 ml) of cis-bromoethoxy ethylene was added to 
about 20 ml of dry THF and cooled to -78°. 11.0 ml (18.6 mmol) of tert.-butyl lithium was cannulated into a 
dropping funnel and then added dropwise at -78 c . The mixture was stirred for 2 hrs at at -78° 
2.0g (6.2 mmol) of the aldehyde product of Step 2. above in about 5 ml of dry THF was added dropwise at 

n L^^TT\Tfl° X 15 minU,8S (TLC indicated no startin 9 material P resen, >- Tha fixture was then 
quenched with about 5 ml of saturated aq. ammonium chloride, stirred until the mixture was homogenous and 
then extracted twice with 25 ml portions of ether. The combined ether extracts were washed once with brine 
dried over anhyd. magnesium sulfate and concentrated to a brown oil. The oil was dissolved in 100/0 aaueous 

I? . °, £ t0 ' Uene SUlf ° niC acid (TS0H) had been added After stirrin 9 for 15 minutes the solution was 
diluted with saturated aq. sodium bicarbonate, extracted twice with 25 ml portions of ether and the combined 
ether ex racts were washed once with brine, dried over anhydrous magnesium sulfate and concentrated to a 
brown oil. The oil was dissolved in about 3 ml of ethanol and the solution stored in a freezer. The product of this 
step was isolated from the reaction mixture as light yellow crystals. 
Additional product was recovered by flash chromatography 2:1 (hexane/ether). 

40 St f ? t' 7 ~ l l " tert - bu, y , - 4 - (4 - f,uoro P hen y | )-5-phenylfur-3-yl]-5-hydroxy-3-oxo-hept-6-enoic acid, ethyl ester 
Under a dry nitrogen atmosphere. 398 mg of 6OO/0 sodium hydride in paraffin oil (9.96 mmol) is charged to a 
flask washed twice wrth hexane, and then suspended in about 150 ml of dry THF. The mixture is cooled to 
about -15 (using ice/methanol) and 1.25g (9.57 mmol) of neat ethyl acetoacetate added thereto dropwise 

« TT? 18 S,,rred Un,H " C ' earS (about 15 minutes). 6.30 ml of 1 .55 m n-butyl lithium (in hexane) (9 76 mmol) 
45 , s added by syringe at -15°C and the mixture stirred for 15 minutes 

« 1 S. (3 'Sr ,m °iL 0f J h ! a ' dehyde pr ° duCt obtainable b V ,he method of Step 3, above, dissolved in about 

™1 „2J? J" f ' P 7 Se a !/ 15 ° C - The miXture iS S,irred for 15 minutes - then inched with water. 
The quenched mixture is extracted twice with portions of ether. The ether extracts are combined and 

so S T . °?Z W l b T 1 dried ° Ver ann y drous magnesium sulfate and concentrated to a yellow oil (crude 
SO product of this s ep). The oil ,s flash chromatographed (3:2 ether/hexane) to obtain the refined title product 
mis step as a clear oil. 

Step 5, Butyl borane complex intermediate 
« ^ de , r 8 , d ? n ^°- 9en atmos P bere - 890 mg ( 1 .88 mmol) of the oxoheptenoate of Step 4, above was dissolved 

!? 2."! ?1 ^ IT and 3 75 ml °' 10M ,ri - n - but y | borane in THF < 3 75 mmol) was added at o^ce "r was 
bubbled through the solution for 1 minute and this was allowed to stir (at RT) for 1 hour (yellow mixture) The 
reaction mixture was cooled to about -55' (using a cryogenic cooler) and 213 mg (5.63 mmoT) of sodium 
borohydride was added at once. The mixture was stirred at -55" for about 65 hours 
J^Tllr^ q T Ched wi,h about 5 ml of water and exacted twice with 25 ml portions of ether. The 

JSSTSSl??? T W3S 6d With bfine ' dried ° Ver anhyd cesium sulfate and concentrated 
to crude product of this step as a yellow oil. 

About 3 ml of isopropanol was added to the oil (crude product) and held in a freezer for about 50 hrs The 
refmed product was isolated as a white powder (m.p. 55-5r ), for use in the next step 
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SeihyTes^ 

(requiZ ^Sfi^ in,ermediate P re P ared in Step 5. above, was dissolved in methanol 

(requinng slight heating) and the solut.cn concentrated on a rotary evaporator (repeating 5 times) to obtain a 

aiv?28?tr ofT„l P n ri H Q " "T chromato g ra P"y (IS*) ether-methylene chloride) and concentrated to 
EXAMPLE 7 

7-[4^4-fluorophenyl)-2-isopropyl-5-phenyl-fur-3-yl]-3.5-dihydroxy-hept-6^noic acid, ethyl ester (Compound 
(Type IDa. R^i-propyl. X = (E) CH = CH. R 9 = H . R 10 = C 2 H 5 . R 2 = p-fluorophenyl, R 3 = P heny.) 

St ?PjJt!^ acid, ethyl ester 

Under essentially moisture-free conditions. 740 mg of 600/o sodium hvdride in oaraffin oil mr q mm«i> 
charged to a vessel and washed three times with hexane. Excess tSSEilS^ 
nrtrogen gas. About 25 ml of dry THF is introduced and then 395o (33 ml 17 6 mm*. «f mJH 

ZT« s? tate ;, (The V 3 " 5 drops being added at RT - ^ Sdi 5 (nSLlSSS 

stirred at RT until a clear solution is obtained (about 15 to 30 minutes) 27 o « !!! ! 
4-(4-fluoro^^ S^mJSSSL ta Exampfe 6 Steos 1 

""he reS™ ° f dry I HF ' S add6d - dr ° PWiSe 31 RT " The mixtur ' is ^red for abou, ^4 hours ' ^ 1 
The react.on m.xture is then concentrated, taken up in ether, the solution washed twice with brine dried 
over anhydrous magnesium sulfate, and concentrated. Slow crystallization of the «to!SS offth rt2 
occurs on standing in a freezer. The solids are recrystallized from etha^ol m p 116-5? P 

Step 2, 3-{4-(4-fluorophenyl)-2-isopropyl-5-phenylfur-3-yl]prop-2-enol 

Under a nitrogen atmosphere. 2.57 g (6.8 mmol) of the ester product of Step 1 above is dissolved in 100 ml 
of dry ether, and cooled to -78° 18 ml of 1 5 M hiram 107 mm«i> JTlT * ' aissolvea In <«J ml 

-78" for 15 minutes. The JL*%^SS£2L'S! ^SZTsIrTeZT^S 

° Ver ma 9 nes,um sulfat e and concentrated to obtain crude title product of this steo 
as a residue, in which form it can be used for the next step (Step 3), described below P 

Step 3. 3-[4-(4-fluorophenyl)-2-isopropyl-5-phenylfur-3-yl]-2-propenal 

NlSotl?!S fniosphere to a suspension of 4 mg (0.004 mmol) of TTPRD and 30.5 mg (0.26 mmol) of 
Se in 3 m ace^ 

aDove. in 3 ml acetone, at RT. The mixture was stirred for about 18 hours TLC indicated incomoletP 
consumption of starting material. An additional equivalent of NMO (one half the o^Tamtu^Zo to 

1 noli hull w 38 concentrated - ,0 a re *°ue. The residue was taken up in ether, washed three times with 
100/0 hydrochloric acid, sat. aq. sodium bicarbonate and then brine, dried over magnesium su fate Tnd 

t%°* ?»V° ' br ° Wn ° , ' L Th6 0i ' WaS P3SSed throu 9 h » P |U 9 of silica "='"3 25^ ethe? mSene Sondel 
and the filtrates concentrated to a yellow solid. The solid was recrystallized from hexane t i ahiihe tiBe 
product of this step as yellow granules, m p 124-125 9 

(er^SSre 3 ?^ 
Example 8 

gSg*^^ acid - eth v ester 

(Type lAa substituents as for Compound No. 7) 
St6p J' f'i 4 " fluorophen y |) - 2 - iso P r °Py | - 5 -P n enyl-3-thiophenemethanol 

JmVmm a - 1 ° m S ? IUt ' 0n ° f lithium a,uminum "ydride in THF was diluted with 400 ml of dry THF To this was 
added dropw.se a solution of 40g of the title ester product of Preparation 3. below, in 100 ml o THF Aftertte 
addrt.cn was complete, the reaction was stirred at R.T. for 5 hours. Approximately 10-15 ml of Saturated ao 

^^:T° n dr ° PWiSe UntH 3 thick P-cipitateformed. Se mixture wished w?h 

MTBE and the sohds were filtered and washed well with MTBE. The filtrate was evaporated under reduced 
pressure to g,ve 8.2 g of crude title product of this step, which was refined by chrom^ographing on a waters 
^T^JPff"' USI " 9 me,hy,ene Ch ' 0ride aS eluate ' ,0 ob,ain »• refined title pLuct oMhis s tep 
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Step 2, 4-(4-f luorophenyl ) -2-isopropyl-5-phenylthiophenecarboxaldehyde 

J° I S0 '" ,i0n ° f1 92 9 0f 0xalyl chloride in 50 ml of methylene chloride at -78' was added dropwise a solution 
ot 2 22 g of d.methylsulfoxide in 25 ml methylene chloride. After stirring at -78" for 10 minutes, a solution of 4 0 
g o the title methanol product of Step 1, above, in 30 ml of methylene chloride was added dropwise The 
mixture was st.rred at -78° for 1 hour. Then 2.5 g of triethylamine was added. The mixture was allowed to warm 
to R.T. then was poured into water. The organic phase was separated and the solvent was removed under 
reduced pressure. The res.due was dissolved in MTBE and washed with water. The organic solution was dried 

j£ ?rft,™?-H T rem ° ved under reduced P'sssure to give the title product of this step. A sample of which 
was triturated with pentane to give refined product. M.P. 116-120°. 

Step 3, 3-(4-(4-fluorophenyl)-2-isopropyl-5-phenythien-3-yl]-2-propenal (trans) 

. Jtti 0,Uti « o f 24 9 0< £!5-2-bromo-ethoxyethylene in 75 ml of THF at -78° . was added dropwise 2.0 g of 

i?eo 2 above * £Z ^'J? 8 * 2 ^ 3 S ° ,Uti ° n °' 3 5 9 0f ,he a,deh V de °< 

Step 2 above in 30 ml of THF was added dropwise. The reaction was stirred at -78° for 10 minutes then was 

iSS »^T he addit ' 0n ^ SatUrat6d aq - ammonium chlonde s ° ,u «o"- The mixture was extracted once S 
MTBE and then once with methylene chloride. The organic solutions were combined, dried over annyd 
magnesium sulfate and concentrated under reduced pressure to obtain a residue. The residue was dissS 
m 100 ml of THF/water (90:10). p-toluenesuifonic acid (0.7 g) was added and then the 

Z * ° r T The r ea i ,ion mixture ™ s P our 3<J into 100/0 aq. sodium bicarbonate solution and 

the organ c material was extracted with MTBE. The solution was dried and the solvent removed under reduced 

S^^SJSv" 1 of this st8P ,or use in the next s,ep ( 4 An analytical samp,e was crys, ^ ed 

h^rifSi m 9 d ' ,SOpr ° p y ,am,ne m 30 ml ° f THF * 0° was added 1 .67 g of n-butyllithium (1.16 m in 
hexane Then a solution of 1 .7g of ethyl acetoacetate in 10 ml of THF was added dropwise. After stirring at 0° 

S THF T ^ C °?k d l ° - 20 " ' the " 3 SO,Uti ° n ° f 3 3 9 0f ,he tit,e P roduct * St «P 3- above ^20 ml 
of THF was added dropw.se. The reaction was stirred at -20° for 1 hour. Then was quenched with saturated 

Zo? n U fl T«Tt IUm Ch '° ride S °L U,i0n - The miXtUre WaS eX,rac,ed with MTBE and th °" xylene chloride and 
he organic solutions were combined and dried, and the solvent evaporated under reduced pressure to give 
the crude title product of this step as an oil. This was used without further purification in the next step > (Ste? 5). 

Step 5, (E)-7 : [4-(4-fluorophenyl)-2-isopropvl-5-phenylthien-3-yl)-3.5-dihydroxy-hept-6-enoic acid ethyl ester 

To a so ution of 5.5 g of the title product of Step 4. above, in 100 ml of THF was added 12 mfof a 1 0 m 
solution of tnethylborane in THF. After stirring at R.T. for 3 hours, the mixture was cooled to -78Mhen 450 mg 
of sodium borohvdr.de was added. The mixture was stirred at -78° for 24 hours. The reaction waTthen 
22 W,t H h SatU T d aa amm ° niUm Ch ' 0ride S0,U,i0n ' and extrac,ad «"*» ** MTBE. were 

£ o KS^ST* T "To*? r d ! r fedUCed Pressure to ob1ain a residue resi d"e dissolved inW 
ml o methanol. After strrnng at R.T. for 24 hours, the solvent was removed under reduced pressure and the 

Z£7 H h 85 " ch ; oma,OSraphed USi " 9 10/b ™thano./methy1ene ttJS^ST^^SS 
gelding he title product of this example. (HPLC indicated an erythrorthreo mixture of 82 3 17 7 
Recrystallization of the product from cyclohexane increased the ratio to 88.3:11.7; nrp = 123-125° 

« !compound e No 2 ^^^^'P^^^-^'^-^i^rexy-hept-e-enoic acid, ethyl ester, M.P. 105-6" 
abSe 36 SUDSti,UentS 85 com P° und No. 8 except R 2 = phenyl). Obtain analogously to Examples 6.7 or 8 
Example 9 

50 

(Type lAa substituents as Compound No. 8 except Rio = Na) 
». 5 .'SS?" °' ^ m9 ,° f Compound No 8 in 25 ml of ethanol was added 1 .0 ml of 1 .0 N NaOH After stirrina 
th ?JS£Z£ ■i^TS??? ° nder redU K ed Pr6SSUre The r6Sidue was d -o.vedt water aJd 

zs^tjksss. JSSndSr - p was separated and ,yophiteed ,o 9ive ,he w,e 

Example 10 

^ ^ Pr6Pared ana, ° 90US,y t0 EX3mp,e 2 ' 5 ° r 9 **» corresponding 
fmT^I-22^ 

* (m. P . 221-229'); Com- 
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deTcS^ (m -p- — 

Example 11 

Adapting the procedure of ExamDles itoflac annmnwo^ ^n^..^_^ ... 
which X is iRrH_ru d ;^ ' , o ; T -<-r~~r->~^ t..c .uuuw.i.g compounas iAa are obtaned in 

Z 1 4 1 KhVVaSe Me - m2 5 ' S "t?? 96 " ^ R, ° * ^ (the ^ isomer dominating by at 



Compound 
Nos. 


R 2 


R 3 


M 0° 

Batcr | 


eto. oft 
N«-S«lt 


10 


14,15 


4-p-ph 


4-M«-ph 




215*20(4) 




16,17 


4-P-ph 


4 -CI -oh 




210-6 (d) 


15 


18,19 


4-p-ph 


in 




220-230(d) 




20,21 


4-r-ph 


4-MftO-ph 


97*9 


116-121 (d) 




22,23 


3-r-ph 


Ph 


103-4 




20 


24,25 


pi» 


Mm 


oil 


204-7(d) 




26,27 


ch 


Ph 


oil 


230-5 




28,29 


2-F-ph 


ph 


oil 


206-10 


25 


30,31 


ep 


Ph 


oil 


220-5 (d) 




32,33 


4-N«Oph 


Ph 


oil 


211-6 




34,35 


3-cr 3 -ph 


ph 


gua 


d 


30 


36,37 


4-ph-ph 


Ph 


61-4 


235(d) 





(Esters even numbers, sodium salts odd numbers) 

Adapting the procedure of Example 2, 5 or 9 to treat the ethyl esters of Example 11 above the 

correspond^ sod.um salts thereof are accordingly obtained. P ' the 

Example 12 

isonS^n^V™ 06 ,? 1 !: 6 ° f Ex f mples 1 t0 9 ' the fol,owin 9 compounds IAa are obtained in which R, is 
.sopropyl and R 9 is hydrogen, (the erythro isomer predominating about 4:1)- (in the table e - ethJlt 

cp = cyclopentyl, dm = -CH = C(CH 3 hin¥VN = (E ) -CH = CH- M 



Compound No. 



38 
39 
40 
41 
42 
43 



4-F-ph 
4-F-ph 
4-F-ph 
4-F-ph 
4-F-ph 
4-F-ph 



^10 



cp 
cp 
ph 
ph 
dm 
dm 



Et 
Na 
Et 
Na 
Et 
Na 



VN 

VN 
-<CH 2 ) 2 - 
-(CH 2 ) 2 - 

VN 

VN 



Starting materials for use in Examples 6 to 11 are prepared e.g. as follows: 
Preparation 1 

2-t-butyl-4-(4-fluorophenyl)-5-phenyl-3-furylcarboxylic acid, ethyl ester 
§tep_1 : a-Bromo-a-(p-fluorophenyl)-acetophenone 

adJe^aTew 1 S 51? T! ? a -(P- flu orophenyl).a C eto P henone in 200 ml of chloroform, are 

added a few drops of a charge of 4.8 ml of bromine (0.93 mol) (a deep orange-color results). The resultant 
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w 



25 



solution is heated to initiate reaction (the solution turns yellow) , and then cooled to 0° C. and the balance of the 
4.8 ml of bromine is added dropwise. The reaction mixture is stirred at room temperature for about 16 hours 
The orange solution is washed three times with saturated aqueous sodium bicarbonate, then once with 
bnne (saturated aqueous sodium chloride), dried, and concentrated to an orange oil which oartiallv 
crystallizes. ft 

The product is refined by recrystallization from ethanol yielding refined title product of this step as a white 
powder. 

Ste P 2 : Eth yl 2-(a-benzoyl-4-fluorobenzyl)-3-oxo-4.4-dimethylpentanoate 

Into a vessel, under a dry nitrogen atmosphere 1 .05g (26.3m mol) of sodium hydride (600/o) in paraffin oil was 
washed tw.ce with hexane, then suspended in 50 ml of dry THF. 4.3g (25 1m mol) of ethyl 
4,4-d.methyl-3-oxopentanoate was added dropwise at 0°C, the reaction mixture was stirred for 15 minutes 
(resulting m a clear solution). 7.0g (23.9m mol) of the bromo product of step 1 of this preparation in 20 ml of 
THF was added dropwise at 0'C to the mixture in the flask. The resulting mixture was stirred at room 
IS temperature for about 21 hours. 

The mixture was then concentrated to obtain a residue. The residue was then taken up in ether, washed 
twice with saturated aq. sodium bicarbonate solution and then once with brine, dried (over anhyd. magnesium 
sulfate) and concentrated to crude title product as a yellow oil, which was used directly in the next step (3). 

20 Step 3: 2-tert-butyl-4-(4-fluorophenyl)-5-phenyl-3-funylcarboxylic acid, ethyl ester 

The crude product of step 2 of this preparation was dissolved in 100 ml. of toluene to which 9 ml (about 3 
equivalents) of BF3.0(C 2 H 5 ) 2 was added and the mixture refluxed for 1V 4 hours. The reaction mixture was 
then poured into 150 ml of sat. aq. sodium bicarbonate and extracted twice with 100 ml portions of ether The 
combined ether extracts were washed once with brine, dried (over anhyd. magnesium sulfate) and 
concentrated. The title product of this preparation (brown solid) was recrystallized from ethanol. M.P. 93-94 \ 

Preparation 2 

Repeating the procedure of preparation 1 but in step 2, using in place of the ethyl 4,4-dimethy1-3-oxo-penta- 
noate an approximately equivalent amount of ethyl 4-methyl-3-oxo-pentanoate there is accordingly obtained 
30 the 2-isopropyl analog of the product of that preparation (M.P. 69-70°). 

Preparation 3 

4-(4-Fluorophenyl)-2-isopropyl-5-phenyl-3-thiophenecarboxylic acid, ethyl ester 

s *ep 1 : a-(4-Fluorophenyl)-P-mercapto-benzene ethanol 

To a solution of 12.4g (0.1 mole) of benzyl mercaptan (ie. benzenemethanethiol) in 150 ml of THF at 0 C C 
under moisture-free conditions, was added, dropwise, 14g (0.22 mole) of n-butyllithium (1.6m in hexane) After 
stirnng at 0°C for 4 hours (orange precipitate forms), the mixture was cooled to -25°. To this mixture was 
added a solution of 12.4g (0.1 mole) of p-fluorobenzaldehyde in 100 ml of THF, dropwise. After stirring at -25°C 
for 1 hour, a yellow solution occurs. The reaction was quenched with saturated aqueous ammonium chloride 
and the organic material was extracted once with MTBE and then once with methylene chloride. The organic 
solutions were combined and dried, and the solvent was removed under reduced pressure to give the title 
« purrtiiation^' 5 St6P K a " 0i ' (80:2 ° miXtUre ° f isomers) ' which was used in the next s,e P ""no"! any further 

Step 2, 2-diethoxyphosphinyl-4-methyl-pent-3-enoic acid, ethyl ester 

A mixture ol \ 22Aq (0.1 mole) of triethylphosphonoacetate. 40g (0.56 mole) of isobutyraidehyde 3 ml of 
acetic acid, and 0.6g of piperidine in 200 ml of benzene was refluxed in a Dean Stark apparatus for 48 hours 
The solvent was removed under reduced pressure and the resulting oil was distilled at 0.33 mm b p 1 10-120" 
(product i3 composed of an isomeric mixture ratio 85:15). 

eSeste^ 

To a solution of 24.8g (0.1 mole) of the mercapto product of step 1 . above, and 28.4g (0.1 mole) of the ester 
?• abwe ; in 303 ml of ™F added 11 g (0.11 mole) of triethylamine. The mixture was then 
stirred at room temperature for 4 hours. Then the reaction mixture was poured into water and the organic 
material was extracted once with MTBE and once with methylene chloride. The organic solutions we e 

st°e?raoT,mir d / he rem ° Ved Und6r redUC6d Pressure 10 <> ive ,h ° titte P^S ofTh s 

step, as a oil (mixture of .somers). This was used in the next step (4) without further purification. 

Step 4. 2-(diethoxyphosphinyl)-3-[2-(4-fluorophenyl)-2-oxo-1 -phenylethyl)-thio-4-methyl-pentanoic acid, ethyl 

To a solution of 12.2g (0.096 mole) of oxalyl chloride in 1 litre of methylene chloride at -68<C was added 
* dropw.se a solution of 15g (0.194 mole) of DMSO in 40 ml of methylene chloride. After stining VS 1 1 
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ZA'S^clS^T* T?n Pr ° dUCt ° f Step 3 in 200 ml of ™W™ was added 

to iLrm in St f Then 409 (£W mo,es) of ttethylamine was added. Atter allowing the mixture 

p<wuuv,i u iis step as an oil. * . — 

S Undttitr3 he ^ acid, ethyl ester 

Step 6. 4-(4-fluorophenyl)-2-isopropyl-5-phenyl-3-thiophenecarboxylic acid, ethyl ester 
PREPARATION 4 

2-lsopropyl-5-(4-chlorophenyl)^-(4-fluorophenyl)-3-thienylcarboxylic acid, ethyl ester 

Step 1, 4-Fluoro-fbis-(methylthio)methylbenzene (may also be called 
a,a-di-(methylmercapto)p-fluorotoluene) 

ether'in^ T£!tSSfiT^ and 100 g (3.12 mol) of methanethio. in 1200 ml of 

BF,.orc,H > a t o?r -rt eqU ' Pped Wlth a dry ice con denser was added, dropwise, 3216 ml of 

f5i££J^ (may also be called 

1-(4-chlorophenyl)-2-(4-fluorophenyl)-2.2-di-(methylmercapto)ethanol) 

71 ?u„ S iT^!,l 0n ° f ^£ 9 J!? mm0,) ° f the dithi °acetal product of step 2, above in 200 ml of dry THF at 
hols 18 ; SKIS IfflT ? (14 ?,T° ,) ° f n - but V" ith ^ C«B M P in hexane s^utlt After 
Th^rtiL 9 ! ]?? ' P^^obenzaldehyde was added and the mixture was stirred for another hour 
1* murture was poured into saturated aqueous ammonium chloride solution extracted wrth ether 

p'duct TlFSf 6 ° Ver ma9neSiUm SU ' fate ' fi,tered ' 3nd C ° nCentra,ed t0 *™ 40 HflneSdS 
Purification by .iquid chromatography (Waters Prep 500) gave the refined title product of this step as an oi.. 

Step 3 a-(4-chlorophenyl)-a-hydroxy-4-fluoroacetophenone 

Step 4 a-bromo-a-(4-chlorophenyl)-4-fiuoroacetopherione 55 
^n^t 0 9 i 53 m,710,, ° f the n y drox y k et°ne product of Step3. above, in 300 ml of THF was added 

JX2t?tET T^l* f ° r 6 h0Urs and filtered - After removal ° f so^ent by evtoratirSexane was ' 
M t ^SSiff th t 6 r6S f I 9 W3S fi ' tered The fiNrate was concentrate? to dr^ess to ob ^ 60 

Z proXof th is s ep * '"^ by ct "°™^y (Waters "™P 500, yielTng the reS ed 
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Step 5 a-(4-fluorobenzoyl)-4-chlorobenzyl ester of ethanethioic acid (may also be called 
1-fluorobenzoyl-1-(4-chlorophenyl)-methylthio acetate) 

To a stirred solution of 16g (49 mmol) of the bromoketone product of Step 4, above, in 150 ml of absolute 
ethanol was added 8.3g (73.5 mmol) of potassium thioacetate and the suspension was stirred at room 
temperature for about 16 hours. After removal of the solid by filtration, the solution was washed with water 
dried over anhydrous magnesium sulfate, and evaporated to give crude title product of this step as an oil which 
was refined by chromatographing on silica gel using ethyl acetate-hexane (1:9); to yield: the refined title 
product of this step. 

Step 6 a-mercapto-a-(4-chlorophenyl)-methyl-4-fluoroacetophenone (may also be called 
Hp-chlorophenyl)-l-(p-fluorobenzoyl)-methylmercaptan) 

A stirred solution of 9.0 g (31.07 mmol) of the thioacetate product of Step 5, above, in 100 ml of methanol 
was treated with 2.5 ml of concentrated hydrochloric acid at 0"C. The reaction mixture was heated at 60° C for 
18 hours and concentrated to obtain a residue. The residue was then dissolved in ether and washed with water 
and then bnne. The ethereal solution was dried over anhyd. magnesium sulfate and evaporated to dryness to 
obtain crude title product of this step. Chromatographing the crude product on silica gel using ethyl 
acetate-hexane yielded the refined title product of this step. 

Step 7. 2-isopropyl-5-(4-chlorophenyl)^-(4-fluorophenyl)-2,5-dihydro-3-thiophenecarboxylic acid, ethyl ester 
To a stirred solution of 1 .73g (17.1 mmol) of diisopropylamine in 20 ml of dry THF under nitrogen at 0°C was 
added 1 1 ml (17.1 mmol) of n-butyllithium. After 15 minutes. 4.0g (14.2 mmol) of the mercaptoketone product 
of Step 6. above, was added dropwise, and the mixture was stirred at -78° for 30 minutes. 4.5g (14.2 mmol) of 
ethyl 2-diethoxyphosphinyl-4-methyl-pent-3-enoic acid, (product of Step 2 of Preparation 3. above) was 
added, and the mixture stirred for 2 hours at -78° . The cooling bath was removed and the solution was allowed 
to warm to 0° and stirred for two more hours. The mixture was then poured into saturated aqueous ammonium 
chloride and extracted with ether. The extracts were washed with water, dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give the crude title product of this step. The crude product was 
chromatographed on silica gel to yield the refined title product of this step. 

Step 8, 2-lsopropyl-5-(4-chlorophenyl)-4-(4-fluorophenyl)-3-thienylcarboxylic acid, ethyl ester 
Analogous to Preparation 3. Step 6. 

Preparation 5 

Adopting the procedure of Preparation 3. the following compounds are analogously obtained, in which Ri is 
isopropyl and R io is ethyl (in the table : ph - phenyl. Ch = cyclohexyl Cp = cyclopentyl and Me = methyl) : 



Prepara- 
tion No. 



5 



Ph 

3- F-ph 

Ch 

2- F-ph 

Cp 

4- M«Oph 

3- CF 3 -ph 

4- pH-ph 
4-F-ph 
4-F-ph 



ph 
ph 
ph 
ph 
ph 
ph 
ph 
ph 



6 



7 



8 



9 



10 



11 
12 
13 



4-M«0-ph 
4-H«-ph 



14 
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Prepara- 

tion No. R 2 R 3 



15 4-P-ph ip 



16 P h 



Characterizing Data 
The following data characterizes various compounds identified above 

Unless noted otherwise, figures are for NMR run in CDCI 3 and run at 200 Hz: s = single d = doublet 
chromatography mUlt ' Ple q = ° MS ° '* sulfoxide - HPLC is ni 9" Pressure liquid 



Compound No. 21 
(DMSO-de) 

if [J, 6H) m 'l 4 1 H 5 , '- 7 15 ( ?m 2H) 6 ' 75 ^ ^ W " ^ 532 ^ ^ 406 ,m * H) ' 37 (S ' 3H) " 17 " 2A (m> 2H) ' 
Compound No. 24 

1. i^TmiS (d q 6H)!'l 6 4 2 (m, 3H> (dd ' 1H) ' ^ 1H) ' (Q ' 2H) " 1H) - ^ (dd ' 2HK 



w 



Compound No. 10 • 
NMR (DMSO-de 40° C) 15 

l^l'V. ! m * 29; 619 <4 1H) ' 540 m 1H) ' 4/11 (m - 1H >> 366 < m - 1H >. 3-40 (™. 1H). 2.12-1.75 (m 2H) 
1.60-1.15 (m. 2H), 1.32 (d. 6H), OH protons fall in with H 2 0. 

Compound No. 11 

6.6 N (dS ( fful Hz/lH, % '"Vint ST" 22 <m> 2H> ' 38 (m> 1H) " 42 (m ' 1H1 - 51 (dd " J " 716 HZ - 1H >' 

Compound No. 12 
NMR (CD 3 OD ) 

j?!** m:™-7Mmm 2Hl 22 (m> 2H) ' 39 (m> 1H,t 4 " 2 (m> 1H)l 54 (ddl J " 7 ' 16, 1H) ' 6,3 (ddl 

Compound No. 13 
NMR (DMSO-de) 

7-7.4 (m, 10H). 6.2 (d. 1H), 5.38 (dd, 1H), 4.1 (m, 1H), 3.6 (m. 1H), 1.75 - 2.1 (m, 2H), 1.34 (d, 6H). 1 - 1.5 (m, 

Compound No. 15 
NMR (DMSO - d 6 ) 

' \\ l m ' 8 o H J; 6 12 (d ' 1H) ' 535 (dd ' 1H) 467 (m ' 1H >' 357 l m > 1H >« 222 (5 3H), 1 .75 - 2.1 (m, 2H). 1.3 (d, 6H) * 
1.2 - 1.5 (m, 2H). 

Compound No. 17 

7.06 (m. 8H), 6.40 (d, 1H), 5.40 (dd. 1H), 4.02 (m, 1H), 3.52 (q, 1H) t 2.42 (m, 2H), 1.56 (q, 2H), 1.42 (d, 6H). 40 

Compound No. 19 
NMR (DMSO-de) 
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Compound No. 25 

1R (CHCI3): 3505, 1720, 1195 cm-1; 
NMR (CDC! 3 ): (Major isomer): 

7 42 (m. 5H), 6.65 (dd, 1H). 5.70 (dd, 1H), 4.61 (m. 1H). 4.37 (m. 1H) f 4.16 (q, 2H), 3.77 (d, 1H), 3.36 (m 1H) 3 24 

(d, 1H). 2.72 (m. 1H), 2.55 (d. 2H). 2.1-1.7 (m, 2H), 1.63 (m, 10H). 1.31 (d, 6H), lk (t, 3H) 60 

Compound No. 26 

IR (CHCI3): 3505. 1720. 1195 cm 
NMR: (major isomer): 

7.42 (m, 5H). 6.65 (dd, 1H). 5.70 (dd. 1H), 4.61 (m, 1H), 4.37 (m, 1H), 4.16 (q, 2H). 3.77 (d. 1H). 3.36 (m. 1H), 3.24 65 



33 
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(d, 1H), 2.72 (m, 1H). 2.55 (d. 2H), 2.1 - 1.7 (m, 2H), 1.63 (m, 10H), 1.31 (d, 6H) 1 30 (t 3H) 
HPLC erythro i threo « 89.2 : 10.8 ' 

Compound No. 27 
5 NMR (DMSO-de) 

7.48 - 7.25 (m, 5H), 6.48 (d, 1H), 5.63 (dd. 1H), 4.31 (m, 1H), 3.78 (m, 1H), 3.30 (m, 1H), 2.66 (m 1H) 1 75 - 1 39 
(m, 12H), 1.21 (d. 6H), 1.04 (m, 2H), OH protons fall in with H 2 0. 

Compound No. 28 
10 IR (Neat): 3423.7 (broad), 2965 (s) 1728.4 (s). 
1201 (broad) (cm-*); 
NMR (CDCI 3 ): 

s as 6H,: H ,'. 2 if j b 3h"' «* ""• ihi - 4,6 3152 ,s ' 1 * 3 42 » 2hi - - * 1 * 

15 HPLC : 84 : 16 (eiythro : ttireo). 
Compound No. 30 

7.42 - 7.26 (m, 5). 6.58 (d, 1H), 5.72 (dd. 1H), 4.68 (m, 1H), 4.45 (m. 1H), 4.18 (q. 2H), 3 77 (d 1H OH) 3 43 (m 
1H). 3.27 (d, 1H. OH), 2.53 (d, 2H). 1.89-1.48 (m. 11 H), 1.30 (d. 6H), 1.29 (t, 3H) 

Compound No. 31 
NMR (DMSO-de) 

7.47 - 7.26(m,5H),6.42(d.1H),5.68(dd.1H).5.11(d.1H).4.30(m,1H),3.80(m.1H),3.38(m 1H) 311(m 1H) 
2.16 - 1.80 (m, 2H). 1.80 - 1.33 (m. 10H), 1.23 (d, 6H). other OH falls in with H z O ' 

25 

Compound No. 32 
IR (Neat) : 3413.1 (broad), 1728.4 (s) 1245 (s). 2965 (s) 

, 1? o N fo t,: 7 24 <S ' Wl 7 08 (t ' 6H) ' 6 80 (d ' 2H) ' 6 30 <* 1H >« 540 < m - 1 H), 4.36 (m, 1H) 4.18 (m, 3H) 3 89 
^ (s, 3H), 3.62 (s, 1H), 3.46 (m. 2H), 2.82 (s, 1H), 2.44 (d, 2H), 1.62 (s. 1H), 1.34 (d, 6H). 1.28 (t. 3H) 

Compound No. 33 

. 7«M (l ^^ 0H,, 6 24 (d ' m) ' 5 29 (m ' 1H) ' 4 08 {m ' m) - 3 80 < s ' 3H >- 3 46 ( m - 1H >. 2-44 (d, 2H). 1.58 (m 2H) 
1.40 (d, 6H). 

35 Compound No. 34 

Jf™ 7 AVTh % fl f5iV l lf -SF* ,HK 437 (m * 1HK 436 (a 2H) ' 347 (m - 1H) ' 243 ,d - 2H >- 165 • 130 

(m, 2H), 1.37 (d, 6H), 1.25 (t, 3H), OH protons not clear. 

Compound No. 35 
40 NMR (DMSO-de) 

9 i H 4 6 ;fiu\ 1 ^ 5 ' 35 (dd ' 1HK 411 (m ' 1H) ' 358 (m < 1H) - 345 < m ' 1H >' 209 " 17 ° (m. 2H), 1.50 
-1.10 (m, 2H), 1.32 (d. 6H), OH protons fait in with H 2 0. 

Compound No. 37 
^5 NMR (DMSO-de) 

7.75 - 7.03 (m, 14H), 6.21 (d, 1H), 5.44 (dd, 1H), 4.11 (m, 1H). 3.68 (m, 1H). 3.50 (m. 1H), 2.10 - 1 73 (m 2H) 
1.56-1.13 (m, 2H), 1.34 (d. 6H), OH protons fall in with H 2 0. 

Compound No. 38 
50 Melting point 97-98° C. 

Compound No. 39 

7.08 (m, 4H), 6.23 (d, 1H), 5.18 (dd. 1H), 4.14 (m, 1H), 3.70 (m, 1H), 2.42 (d. 2H), 1.60 (m, 10H), 1.36 (d. 6H). 
55 Compound No. 40 

Compound No. 41 
60 NMR (DMSO-de) 

1.22 - 0.95 (m, 2H), OH protons fall in with H 2 0. ' 

65 



34 



0 221 025 



Compound No. 42 

Melting point 146-148° C. 

Compound No. 43 

6.95 (m, 5H), 6.38 (d, 1H), 5.22 (dd, 7H), 4.10 (m. 1H), 3.46 (m, 1H), 2.40 (d, 2H) t 1.60 (m, 2H), 1.40 (dd, 12H). 



Claims 

1 . Compounds of formula I 



Rc .Rb 




10 



15 



20 



Y ' 

wherein 

Ra is a group -X-Z, Rb is R2. Rc is R 3 , Rd is R 4 and Y is a group -N- or 

I 

h 

Ra is R1 , Rb is a group -X-Z, Rc is R2, Rd is R3 and Y is O, S or a group -N- ; 

A 25 
4 

R1, R2, R3, and R4 independently are Ci-ealkyl not containing an asymmetric carbon atom, C3-7cycloalkyi 
or a ring 

30 



35 

or in the case of R3 and R4 additionally hydrogen, or for R3 when Y is O or S 

- - - 40 

whereby R17 is hydrogen or Ci- 3 alkyl and Ri 8 and R19 are independently hydrogen Ci-3alkyl or phenyl; 
each R 5 is independently hydrogen, Ci-3alkyl, n-butyl, i-butyl, t-butyl, Ci-3alkoxy, n-butoxy, i-butoxy, 
trifluoromethyl, fluoro, chloro, bromo, phenyl, phenoxy or "benzyloxy; each R 6 is independently hydrogen, 
Ci- 3 alkyl, Ci-3alkoxy, trifluoromethyl, fluoro, chloro, bromo, phenoxy or benzyloxy, and each R7 is 
independently hydrogen, Cv2alkyl, Ci-2alkoxy, fluoro or chloro, with the proviso that there may only be 45 
one each of trifluoromethyl, phenoxy or benzyloxy in each ring A present, X is (Chfe)™ or 
(CH2) q CH = CH-(CH2)q, m is 0, 1 , 2 or 3 and both q's are 0 or one is 0 and the other is 1 , 

h 

-CH-CH 0 -C-CH -COOH II 50 

I 2 | 2 

OH OH 

wherein R9 is hydrogen or Ci -3a!kyl, 

in free acid form, or in the form of an ester or 5-lactone thereof or in salt form as appropriate. 55 

2. Compounds according to Claim 1 wherein Ra is Ri, Rb is -X-Z, Rc is R 2 , Rd is R 3 and Y is O or S, R1, 
R2 and R 3 are independently Ci-ealkyl not containing an asymmetric carbon atom, C3-7cycloa!kyl or a 
RingB 

60 
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R 6 



R 7 

or in the case of R3 additionally hydrogen, 

each R 5 is independently hydrogen, Ci-salkyl. n-butyl, i-butyl, t-butyl, Ci-3alkoxy. n-butoxy, i-butoxy. 
trifluoromethyl, fluoro, chloro, phenyl, phenoxy or benzyloxy, each Re is independently hydrogen. 
Cioalkyl, Ci-3alkoxy, trifhjoromethyl, fluoro, chloro, phenoxy or benzyloxy, and each R7 is independently 
hydrogen, Ci^alkyl, Ci-2alkoxy, fluoro or chloro with the proviso that there may only be one each of 
trifluoromethyl. phenoxy, or benzyloxy in each Ring B present, X is (E) CH - CH or -CH2-CH2- and 

Z is -CH-CH 2 -CH-CH 2 -COOR 10 or 

OH OH /CH 2X OH 

CH Cv 
I I H 

0 CH- 

\„/ 2 



whereby R10 is hydrogen, a physiologically acceptable ester group or a pharmaceutical^ acceptable 
cation. 

3. Compounds according to Claim 1 wherein 

Ra is -X-Z, Rb is R 2> Rc is R 3| Rd is R 4 and Y is -N- - and those wherein Ra is Ri, Rb is -X-Z, Rc is R 2 , Rd 

i 

R i 

is R 3 and Y is -N- whereby Ri, R 2 , R 3 and R 4 independently are Ci-ealkyl not containing an asymmetric 
carbon atom, C3-7cycloalkyl or a Ring C 



R 7 



or in the case of R3 and R4 additionally hydrogen, each R5 is independently hydrogen, Ci-3alkyl, n-butyK 
ibutyl, t-butyl, Ci.3alkoxy, n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro, bromo, phenyl, phenoxy or 
"benzyloxy, each R 6 is independently hydrogen, Ci-3alkyl, Ci-3alkoxy, trifluoromethyl, fluoro, chloro, 
phenoxy or benzyloxy, and each R7 is independently hydrogen, C1.2a.kyl, Ci^alkoxy, fluoro or chloro, 
with the proviso that there may only be one each of trifluoromethyl, phenoxy or benzyloxy in each Ring C 
present, 

X is (CH 2 )m, -CH - CH-, CH - CH-CH* or CH 2 CH - CH and Z is 
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H 



ff 

-CH-CH_-C-CH_-COOR- _ 
OH OH 5 

° r / CH N/OH 
-CH 

n 
o 

75 

wherein R9 is hydrogen or Ci-3alkyl and R10 is hydrogen, a physiologically acceptable ester group or a 
pharmaceutical acceptable cation. 

4. Compounds according to Claim 1 wherein the substituents are as defined hereinbefore in compound 
groups (i) to {£x) or Examples 1 to 12. 

5. Sodium { ± ) -erythro -(E)-3,5-dihydroxy-7-[1 '-(4"-fluorophenyl)-3'-(1 w -methyIethyl)-5'-phenyl- 20 
1 H-pyrrol-2'-yl]hept-6-enoate. 

6. A compound selected from Sodium (±)-er^thro-(E)-7-[4-(4 , -fluorophenyl)-2-isopropyl-5-phe- 
nylthien-3-yl]-3,5-dihydroxy-hept-6-enoate and Sodium ( ± )-er^thro-(E)-7-[4-(4 4 -fIuorophenyl-2,5-diiso- 
propyl-thien-3-yl]-3,5-dihydroxy-hept-6-enoate. 

7. A pharmaceutical composition comprising a compound according to Claim 1 as appropriate in free • 25 
acid form or in the form of a physiologically-hydrolysable and -acceptable ester or a lactone thereof or in 
pharmaceutically acceptable salt form, together with a pharmaceutically acceptable diluent or carrier. 

8. A compound according to Claim as appropriate in free acid form or in the form of a 
physiologically-hydrolysable and acceptable ester or a lactone thereof or in pharmaceutically acceptable 

salt form for use as a pharmaceutical. 30 

9. A compound according to Claim 1 as appropriate in free acid form or in the form of a 
physiologically-hydrolysable and -acceptable ester or a lactone thereof or in pharmaceutically acceptable 
salt form for use as a hypolipoproteinemic or anti-atherosclerotic agent. 

10. A process for preparing a compound according to Claim 1 which comprises 

a) when R9 is hydrogen reducing a compound of formula VIII 35 
Q. X -CH-CH 2 -C-CH 2 -COO Rl2 ^ 

OH 0 

wherein R12 is a radical forming an ester substantially inert to the reaction conditions 

and X is as defined above, 40 

b) when R9 is C1 -3alkyl hydrolysing a compound of formula XVI 

Q-X.CH-CH 2 - CH 2 -COOR 12 ^ 

l 

OO 
I 

50 



wherein R9 is Ci-3alkyl, R13 is part of an ester forming group 
and X and R12 are as defined above, 

c) when X is -(CH 2 te-. -(CH 2 )3-, -CH = CH- or -CH 2 CH = CH-deprotecting a compound of formula 55 
XXVII 



xxvii m 



Q-X' 

wherein X" represents -(CH 2 )2-. -(CH 2 ) 3 . -CH = CH- or -CH 2 CH = CH- 65 

37 
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and Pro is a protecting group, 
d) when X is -(CH 2 ) 2 - f -(CHfeb-, or -(CH 2 ) q CH = CH(CH 2 ) q -deprotecting a compound of formula XI 



wherein X*' is -(CH 2 ) 2 -, -(CH 2 ) 3 - or -(CH 2 ) q -CH - CH-(CH 2 ) q - 
and q, R9, Ri 2 and Pro are as defined above, 

e) hydrolysing a compound of formula I in the form of an ester or a lactone, 

f ) esterifying or lactomsing a compound of formula I in free acid form, or 

g) esterifying a compound of formula I in lactone form, and when a free carboxyl group is present, 
recovering the compound obtained in free acid form or in the form of a salt. 

1 1 . A process for preparing a compound according to Claim 1 which comprises hydrolysing a compound 
of formula I in ester or lactone form or esterifying or lactonising a compound of formula I in free acid form 
or esterifying a compound of formula I inlactone form and when a free -carboxyl group is present 
recovering the compound obtained in free acid form or in the form of a salt. 

12. A compound of formulae VIII, XVI, XIX, XX, XXII, LXXIIa, XXIV, XXVII, XXVIIa, XXIX, XLV-XLVII L-LII 
LVIII, LX t LXIII. LXIV. 




XXII 



OPro 
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